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ABSTRACT 
ERGONOMIC DESIGN OF AN AERIAL BUCKET 
FOR INGRESS AND EGRESS 
 
 
Bianca M. Bain, B.S. 
 
Marquette University, 2012 
 
 
Electric utility companies across the US have been using aerial bucket trucks for line 
work and troubleshooting for decades. The use of these trucks eliminates the need for 
workers to climb utility poles in order to repair or maintain lines. Poor ingress and egress 
design can lead to acute injuries (slips and falls) as well as cumulative injury 
(musculoskeletal disorders (MSDs)). Utility companies want to know the best combination 
of steps and handlebars for aerial bucket ingress and egress that would minimize the risk of 
injury. 
 
American National Standards Institute (ANSI) standard – ANSI/SIA A92.2-2009, sets 
design requirements for aerial buckets that provide regulations for factors of safety. Based 
on the testing procedures for electrical ratings (which can exceed 100kV for electric line 
work), an access door to an aerial bucket is not feasible at this time for most electric 
utilities. 
 
The objective of this research was to test whether bucket design features for a one-
person bucket offer ergonomic advantages to workers for ingress and egress. Muscular 
activity of the four most affected muscle groups in the upper and lower extremities were 
analyzed using EMG sensors throughout ingress and egress. A series of conditions that 
integrated variations of the design features (inside step, outside steps and a horizontal 
handle bar) were tested. 
 
 Based on results, the following design recommendations would decrease the risk of 
a slip or fall and the biomechanical loading to the upper extremities when entering and 
exiting the bucket:  
 Always have an inside step – on either the front side (side with the  outer steps) or 
in an adjacent corner location. 
 Have one outside step, with a horizontal handlebar on the boom side of bucket for 
support. 
 If a bucket has two outer steps, then a horizontal handlebar must be mounted on the 
boom side of bucket.
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1 INTRODUCTION AND LITERATURE REVIEW 
Overhead line workers and troubleshooters of electrical utility companies perform 
the majority of their tasks using aerial bucket trucks. Before the implementation of these 
aerial buckets trucks, workers were required to climb utility poles to do most of their work. 
As a result, any lines that were over 8kV had to be de-energized prior to working on them. 
The manufacturing of aerial buckets in the US and Canada began in the 1960’s (Arbor Age, 
2002). This development eliminated the need for workers to climb the utility poles to repair 
or maintain lines and perform work on high voltage lines without de-energizing them.  
These overhead line mechanics work year-round to ensure that the public receives 
electrical power continuously. This requires workers to perform installation and 
maintenance duties in all weather conditions including rain and snow. A poor ingress and 
egress structure in adverse weather conditions would lead to excessive slips and falls. An 
annual EPRI report on injuries (2008), states that “falls from the same level” and “falls from 
elevation” are the 3rd and 4th leading cause of injury for line workers, behind 
“overexertion/body movement” and “struck by”.  
There are numerous configurations of steps (both inner and outer), and possibility 
of handhold, that are considered by manufacturers in the design of buckets for aerial bucket 
trucks. Electric utilities do not have any guidelines for the appropriate configuration of 
steps and handholds and method of ingress and egress which would reduce the risk of acute 
and cumulative injury. Electric utility companies want to know the ergonomic implications 
of bucket design features and the configurations which would minimize biomechanical 
loading and reduce the risk of slips and falls. 
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The void that this research is intended to fill is in regards to the physical ergonomic 
issues related to ingress and egress. The major concerns of this research include, but are not 
limited to: 
 Muscle activity of the upper extremities: triceps & pectoralis, and the lower 
extremities: erector spinae & rectus femoris. 
 The risk of injury, both acute (slips and falls) and cumulative (MSDs), and 
 Subjective assessment of each configuration. 
 
 
The long term objective is to provide recommendations and guidelines for the 
configurations of steps and horizontal handlebars for aerial bucket ingress and egress in 
any type of aerial electric utility field vehicles. The results of this study will be based on a 
bucket in a laboratory setting that is not connected to a truck, but simulates the ingress and 
egress effect. Recommendations provided to electric utility companies would be easily 
implemented to both current and future buckets mounted on utility trucks.  
 
 
 
LITERATURE REVIEW 
An exhaustive literature search revealed that there are many publications on design 
and safety issues of aerial lift devices such as scissor lifts, crisis-cross brace lifts, bucket 
trucks and forklifts. Of these publications, few relate to aerial buckets, and none have been 
found regarding the effects and methods of ingress and egress of aerial buckets. The 
reviewed literature did indicate that the major cause of injury/fatality for all types of aerial 
work platforms were falls from tipovers in the elevated position (Pan, et al 2007). In the 
utility profession however, electrocution is one of the leading causes of fatality when using 
aerial buckets. 
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A recognized American National Standards Institute (ANSI) standard, ANSI/SIA 
A92.2-2009, sets design requirements for aerial buckets. This standard is used by all aerial 
bucket manufacturers to design their buckets and trucks. The standard mainly provides 
regulations for factors of safety for load ratings, regulations for upper and lower controls of 
the bucket and material handling movements, fall protection, and electrical ratings. All of 
these recommendations are relevant to the leading causes of fatality while using aerial work 
platforms. ANSI/SIA A92.2-2009 does not address maximum or minimum height or size 
requirements for these buckets, nor does it directly address issues regarding ingress and 
egress of an aerial work platform. However, based on the testing procedures for electrical 
ratings - which can be in the 100s of kilovolts for electric line work - an access door to an 
aerial bucket is not feasible at this time for aerial buckets used by electric utility workers.  
The Bureau of Labor Statistics US Department of Labor (U.S. DLS, 2009) shows that 
during 2004 – 2009 there were 90 reported fatalities in goods and service providing 
industries, in which the primary and/or secondary source of injury involved truck mounted 
buckets, basket hoist or boom lifts, and other aerial lifts.  However, there were over 400 
non-fatal occupational injuries involving a bucket or basket hoist truck between 2004 and 
2009 in the installation maintenance and repair occupations (U.S. DLS, 2011). Of the 
reported nonfatal occupational injuries and illnesses, there were 40 injuries related to 
bucket or basket hoist trucks, in which the upper extremities (arm, finger, hand, etc.) were 
affected. Of the injuries caused by aerial lifts and elevators, 20 affected the trunk (back and 
shoulder) whereas 330 injuries were reported to affect the upper extremities of workers 
(U.S. DLS, 2011). 
Although acute injuries from aerial bucket ingress and egress are not likely to be 
fatal, there are many injuries associated with falling while entering and exiting a bucket. In 
2009, there were 60 “fall on same level” and 50 “slips or trips without fall” when workers 
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were operating aerial lifts and/or elevators (U.S. DLS, 2011). It can be assumed that aerial 
bucket ingress and egress are a considerable cause of these injuries.  
To date, there have not been any publications based on laboratory or field studies 
regarding these physical ergonomics issues with respect to aerial bucket ingress and egress 
structures. This study will fill the research void and make recommendations to implement 
ergonomic designs that would minimize the risk of injury, MSDs, and slips and falls by 
reducing the muscle activity of the upper extremities when entering and exiting a one-
person aerial bucket.   
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2 METHODOLOGY 
2.1 General Approach  
Two aerial buckets were modified and used in this study to determine which 
combination of inside and outside steps and handhold would result in the optimal 
configuration for ingress and egress based on the biomechanical loading of the upper and 
lower extremities Muscular activity were recorded for the left and right muscle groups of 
the pectoralis major, long head of the triceps (elbow extensors), erector spinae, and the 
rectus femoris (knee extensors). Elbow and knee joint angles were also measured on the 
participants while they entered and exited the bucket. Eight different configurations were 
tested in this experiment, but only six are being analyzed for the purpose of this thesis. The 
study was designed to compare and evaluate the effect of: the presence and location of an 
inside step and interaction between the number of outside steps and the presence of a 
horizontal handle bar, on persons entering and exiting an aerial bucket. The independent 
ingress and egress procedure of participants for each Condition were divided into four 
intervals for analysis. 
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2.2 Bucket Design 
All equipment for the bucket was set up at Marquette University’s Ergonomics 
laboratory. One Altec aerial bucket designed for electrical line work with one factory 
installed outer step was used for four conditions (Figure 2-1). The bucket was 46 in. tall 
(from floor to top of rim), and the inside dimension of the top opening were 28 in. x 33 in.  
 
 
Figure 2-1: Altec aerial 'one-man' bucket with one outside step. 
 
 A second identical Altec aerial bucket with two factory installed outer steps was 
used for two other conditions in the study (Figure 2-2).  
 
Figure 2-2: Altec 'one man' aerial bucket with two outer steps. 
 
The inside step was designed to be fastened in either location (front or side) or be 
removed. The step was 4 in. x 8.5 in. and hung 24 in. below the rim of the bucket.  The same 
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inside step was used on all the conditions requiring an inside step (Figure 2-3 & Figure 2-4). 
Full dimensions of the aerial buckets can be seen in APPENDIX A. 
 
 
 
Figure 2-3: Inside step 
                
 
Figure 2-4: Inside step hanging in bucket 
                  
The bucket was also instrumented with four load cells; one at each corner under the 
bucket rim to measure the force applied to the rim of the bucket by the subject when 
entering and exiting the bucket. Each individual load cell had a load capacity of 100 lbs 
(Figure 2-5). 
 
 
Figure 2-5: Load cells located right under bucket rim 
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The aerial buckets were set on a piston system in the lab which was designed to 
simulate the ingress and egress bucket motion of an aerial bucket while on the ‘bed’ of a 
truck (Figure 2-6). 
 
Figure 2-6: Piston platform for aerial bucket 
 
 The fixture was assembled such that the weight of the bucket was supported by a 
bladder and allowed to ‘bounce’ vertically during ingress and egress. The pressure in the air 
bladder was adjusted to 40psi to simulate the ‘bounce’ of an aerial bucket mounted on a 
truck (Figure 2-7). The pressurized simulation was verified by WE-Energy worker to feel 
equivalent to that of the ‘bounce’ of the bucket on a truck. A step was also mounted on the 
floor next to the bucket as would typically be found on an aerial bucket truck. 
 
       Figure 2-7: Bladder support under bucket platform support 
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A removable horizontal handle bar was designed to be attached to the rear end of 
the bucket rim when needed (Figure 2-8). It was designed in such a way as to simulate the 
location of a handle bar that would be attached to the boom of a truck, adjacent to the 
bucket. 
 
Figure 2-8: Horizontal handle attached to bucket 
 
Electromyography (EMG) sensors (Figure 2-9) with inter-electrode distance of 20 
mm were used to measure the muscular activity for each independent muscle group. 
Goniometer sensors (    Figure 2-10) were used to measure the joint angles of the knees and 
elbows of participants during ingress and egress. All sensors were connected via Biometrics 
Bluetooth wireless units. 
 
                 Figure 2-9:  EMG Sensor 
 
      Figure 2-10: Goniometer sensor 
 
10 
 
To compare data across subjects, the maximum voluntary contraction (MVC) for the 
relative muscles were recorded for all subjects. This was done using a specially designed 
device that can be easily adjusted to accommodate varying arm, shoulders and feet 
locations when collecting the static MVC of each muscle group ( 
 Figure 2-11).   
 
 
 Figure 2-11: Device used to measure maximum %MVC of all muscle groups 
2.3 Hypotheses  
Hypothesis 1: The presence of an inside step will reduce muscle activity for the long head of 
the triceps and the rectus femoris on the subject and rim force of the bucket and increase 
subjective rating for ingress and egress when compared to no inside step.  
Hypothesis 2:  The presence of a handle will reduce muscular activity for the subject and 
increase subjective rating for ingress and egress when compared to no handle. 
Hypothesis 3: The presence of two outer steps will reduce muscle activity on a subject and 
increase subjective rating for ingress and egress when compared to one outer step. 
11 
 
 
2.4 Independent Variables  
This experiment had three independent variables.  
 The presence and location of an inside step (3 levels) 
- No inside step 
- Inside step at the side location 
- Inside step at the front location 
 
 The number of outer steps (2 levels) 
- One outer step (with inside corner step present) 
- Two outer steps (with inside corner step present 
 
 The presence of a horizontal handlebar (2 levels) 
- Handlebar  
- No handlebar 
 
 All independent variable are within subjects. 
2.4.1 Inside step 
 An Altec aerial bucket with one outer step was used for participants’ ingress and 
egress. For each level the bucket was configured by the application of a removable inside 
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step which was attached to the side or front of the bucket. The three levels of the 
independent variable consist of the three options of the placement of an inside step 
commonly used in electrical utility aerial bucket trucks. These levels are no inside step, a 
removable inside step placed in the corner of the bucket  and a removable step placed at the 
front location on the inside of the bucket.   
 
Figure 2-12:  Bucket with no 
inside step (Condition A) 
 
Figure 2-13:  Bucket with 
inside side step (Condition B) 
 
Figure 2-14: Bucket with inside 
front step (Condition C)
 
 
All conditions used an inside corner step with the exception of two: Condition A in 
which there was no inside step and Condition C which had the inside step at the front 
location. 
2.4.2 Outside Step 
Each bucket was designed with factory installed one or two outer steps. The single 
outside step was placed 546 mm from the rim of the bucket (Figure 2-1). For the bucket 
with two outer steps, the top step was placed 330 mm from the rim of the bucket and the 
lower step 483 mm below (Figure 2-2). Conditions A, B, C, and E used the bucket with only 
one outside step. Conditions F and G required two outside steps on the bucket.  
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2.4.3 Handle Bar 
The handle bar was 254 mm wide, and was positioned 305 mm. (Figure 2-15) above 
the rim of the bucket. It was instrumented in such a way as to mimic its tentative location on 
a bucket truck which would be placed on the boom adjacent to the bucket. The handle was 
present in Conditions E and G. 
 
Figure 2-15: Handle bar on the bucket 
2.4.4 Larger Outside Step 
A larger removable outside step, 356 mm x 203 mm was designed such that it could 
be easily installed over the default outer step of the one step one-man aerial bucket. This 
instrument is used only for Condition D (Figure 2-16). 
 
 
Figure 2-16:  Aerial bucket with one larger outer step 
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2.5 Dependent Variables 
There were three types of dependent variables: 
 The activation level of four bilateral muscles,  
- Pectoralis major 
- Long head of the triceps 
- Erector Spinae 
- Rectus Femoris  
 The total force applied to the rim of the bucket  
 The subjective assessment of ease of ingress and egress  
2.5.1 Muscle Activity 
For the biomechanical analysis, the muscular activity was recorded using EMG 
sensors during ingress and egress for each participant.  
A wireless Bluetooth data unit (model MWX8, Biometrics Datalog, (Gwent, UK) and 
eight EMG electrodes (model (SX230) were used to record muscle activities of pectoralis 
major, long head of the triceps, erector spinae and rectus femoris bilaterally at a 1000Hz 
frequency acquisition rate. The electrodes were fixed using double-sided tape and an extra 
adhesive tape above the electrode. The cables were also affixed to the participant’s body to 
avoiding the strain of the cable during data collection. 
The skin was cleaned with alcohol and cotton prior to EMG electrodes fixation. The 
electrodes were positioned parallels to the muscles fibers and following the 
recommendations proposed by Cram and Kasman (1998). For pectoralis major, the sternal 
portion of the muscle was evaluated and for this purpose the EMG electrode was attached 
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two centimeters from the axiliary fold with subject standing. For the long head of the 
triceps, a line was traced between the acromion and the olecranon of the ulna. The EMG 
electrode was positioned 2cm medially of the midpoint of this line. For erector spinae, the 
L3 vertebra was found following the iliac crest height. The EMG electrode was placed 2cm 
bilateral to L3. For rectus femoris, a line was traced between the anterior superior iliac 
spine and the midpoint of the superior aspect of the patella. The EMG sensor was placed in 
the midpoint of this line. The ground sensor was placed over the ulnar styloid process.  
 
 
 
 
 
 
 
 
 
 
Figure 2-17: Maximum voluntary 
contraction for Pectoralis 
Figure 2-18: Maximum voluntary 
contraction for Triceps 
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Figure 2-19:  Maximum voluntary contraction for Erector Spinae 
 
 
Figure 2-20: Maximum voluntary contraction for Rectus Femoris 
 
The maximum voluntary contraction (MVC) was measured during isometric 
contraction for all evaluated muscles. The MVC of pectoralis major (Figure 2-17) was 
obtained during resisted shoulder horizontal adduction, according to Cram and Kasman 
(1998), performed with 90 degrees of shoulder and elbow flexion and neutral position of  
the forearm. The MVC of triceps Figure 2-18) was obtained during resisted elbow extension 
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(Cram and Kasman, 1998), performed with 0 degrees of flexion and abduction of the 
shoulder and 90 degrees of elbow flexion. The MVC of erector spinae (Figure 2-19) was 
obtained during trunk extension, with trunk flexed at 30 degrees. Trunk flexion was 
estimated by the angle between a line traced from C7 to trochanter and another line from 
lateral malleolus to the trochanter. The MVC of rectus femoris (Figure 2-20) was obtained 
during resisted knee extension at 60 degrees of knee flexion with the participant seated in a 
chair (Pincivero et al., 2000) with nearly 90 degrees of hip flexion. Right and left rectus 
femoris were tested separately, whereas both sides were tested simultaneously for the 
other three muscles. 
Maximum voluntary contraction was measured during 4 seconds of sustained 
contraction, and repeated with 30 seconds of interval between each trial. Before the 
measurement of MVC, the subject was asked to perform a sub-maximal contraction for 
familiarization with the task and to adjust the gain of EMG signal trace sensitivity. Verbal 
motivation was used during the MVC tests. A reference for relaxed condition of the muscles 
was recorded before data collection. Reference was recorded after a deep breath and an 
instruction to relax in a standing position. 
 
A second wireless Bluetooth data unit (model MWX8, Biometrics Datalog, (Gwent, 
UK) and four electrogoniometers sensors were used to record flexion/extension 
movements of elbow and knee bilaterally at 100Hz frequency acquisition rate.  
As references for elbow sensor attachment, a line was traced between the acromion 
and the lateral epicondyle of the humerus and another line was traced between lateral 
epicondyle of the humerus and the scaphoid bone at the wrist. The end-blocks of 
electrogoniometer sensor were positioned following these lines as references, being the 
midline of the strain gauge in the center of the elbow, estimated by the lateral epicondyle of 
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the humerus. The electrogoniometer was fixed with the subject standing, with 0 degrees of 
shoulder flexion and abduction, 90 degrees of elbow flexion and neutral position of 
pronadon/supination of the forearm. As references for knee sensor attachment, a line was 
traced between the trochanter and lateral epicondyle of the femur and another line was 
traced between the head of the fibula and lateral malleolus. The joint line between the 
femur and the tibia was used to position the midline of the strain gauge. The 
electrogoniometer was fixed with the subject standing straight. For better fixation of the 
electrogoniometer sensors, medical wrapping tape was used around the end-blocks fixed to 
the subject. Loose cables were pooled together to not obstruct the natural movement of the 
participant (Figure 2-21) during testing. 
 
 
Figure 2-21: Subject fully prepped with sensors for testing 
 
2.5.2 Load Cells 
A horizontal cut was made below the bucket rim to instrument the load cells under 
the corners of the rim (Figure 2-5). The four load cells were calibrated to record a maximum 
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force of 100 pounds (lbs) each. This force was a result of the pressure applied to the rim of 
the bucket as the participant entered and exited the bucket for each condition. 
2.5.3 Subjective Assessment  
 The subjective assessment comprised of four questions: 
1. Please rate the ease of entering the aerial bucket in this configuration 
2. Please rate how much you disliked/liked entering the aerial bucket in this configuration 
3. Please rate the ease of exiting the aerial bucket in this configuration 
4. Please rate how much you disliked/liked exiting the aerial bucket in this configuration 
 
A Likert scale was used to answer each question on a rating of 1-7 as follows. 
For ease of entering and exiting the bucket: 
1. Very difficult 
2. Difficult 
3. Somewhat difficult 
4. Neutral 
5. Somewhat easy 
6. Easy 
7. Very easy 
 
 
For liking of entering and exiting the bucket: 
 
1. Very strongly disliked 
2. Strongly disliked 
3. Disliked 
4. Neutral 
5. Liked 
6. Strongly liked 
7. Very strongly liked 
 
Full SUBJECTIVE ASSESSMENT form is shown on APPENDIX B 
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2.6 Control Conditions  
The experimental protocol was designed to minimize or eliminate the effects of 
confounding variables on the results and generalizations made from the data.   
Two identical buckets were used for all conditions to control the effects of size, 
shape, material and testing platforms. The sole difference between the buckets was the 
number of factory installed outer steps. The same removable handlebar, and inside step was 
used for all conditions which required its use. The method of ingress and egress was 
determined and controlled such that every participant entered and exited the bucket the 
same way for all conditions. The time frame in which the procedure was completed for each 
participant was not regulated. Each participant was thought the method of ingress and 
egress for each condition prior to data collection for that condition. The presentation order 
(Table 2-1) of the configurations was an incomplete counterbalance designed to minimize 
the effects of order and carryover and was determined by a balanced Latin Square 
(D’Amato, 1979). 
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2.7 Conditions 
Configurations of Conditions (all dimensions in mm)
 
 
Figure 2-22: Condition A        Figure 2-23: Condition B 
 
Figure 2-24: Condition C     Figure 2-25:  Condition D 
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Figure 2-26: Condition E     Figure 2-27: Condition F 
 
 
 
Figure 2-28: Condition G     Figure 2-29: Condition H 
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There were eight conditions that were tested. For the purpose of this study only six 
conditions (A, B, C, E, F & G) were used. The eighth Condition was a model of what was 
hypothesized to be the optimal configuration which involved the use of a collapsible stair 
ladder which was not analyzed for this study. These configurations were based on a 
combination of steps and handholds which can be implemented on aerial bucket trucks with 
minimal modifications. The time period in which the participant completed the procedure 
was not restricted. Each condition’s ingress and egress was repeated three times by every 
participant and entered and exited each condition the exact same way with respect to 
footing and points of pivot. Participants were told to maintain a 3-point contact with the 
bucket at all times for safety reasons and were instructed to enter and exit the buckets for 
the following conditions 
I. Condition A had the most basic configuration which had neither a handle 
nor an inside step and used one outside step - Figure 2-22. This was the 
most common configuration used for a ‘one-man’ aerial bucket for utility 
workers on the field. 
Ingress – Start by placing the left foot on the platform in front the bucket, 
followed by the right foot on the outer step of the bucket. Place both hands 
on the rim of the bucket perpendicular to front of body to hover over the 
bucket. Place the left foot on the bucket rim and propel forward to climb 
down into the bucket. Participants were instructed to not drop/slam their 
feet onto the floor of the bucket, but rather to ease their way down.  
Egress – Begin by using arms to lift body up off the bucket floor. Lean back 
onto the bucket rim and place both feet on the parallel rim of the bucket. 
Step out with the right foot first onto the outer step and then step down with 
the left foot on the platform step and place both feet on the ground to end 
position. 
This was the most common procedure performed by utility workers using a 
‘one-man’ aerial bucket. 
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II. Condition B had one inside corner step, one outside side step and no 
handle- Figure 2-22. 
Ingress – Began with the left foot on the platform followed by the right foot 
on the outer step of the bucket. Pivot in a clockwise direction towards the 
back of the bucket and place left foot on the inside corner step of the bucket. 
Complete pivot while left foot is on the corner step and then step down into 
the bucket. 
Egress – Place hands on the bucket rim and left foot on the inside corner 
step of the bucket. With the left foot on the inside step, begin pivot in an 
anticlockwise direction (towards the back of the bucket) and place right foot 
on the outer step upon completing pivot. Once body is completely facing the 
bucket, step down with the left foot on the platform and then place both feet 
on the ground back to initial position. 
 
III. Condition C had one inside step at the front location, with one outside step 
and no handle - Figure 2-24. 
Ingress – Place left foot on the platform followed by the right foot on the 
outside step. Do not pivot. Place hands on the rim of the bucket to stabilize 
and lift left leg over the top of the bucket and onto the inside step at the front 
location. Step down into the bucket with the right foot first. 
Egress – Place hands on the bucket rim and left foot on the inside corner 
step of the bucket. With the left foot on the inside step, begin pivot in an 
anticlockwise direction (towards the back of the bucket) and place right foot 
on the outer step upon completing pivot. Once body is completely facing the 
bucket, step down with the left foot on the platform and then place both feet 
on the ground back to initial position. 
 
IV. Condition D was identical to condition B but used a larger outer step which 
was 14 in. x 8 in. Figure 2-24. 
Ingress - Began with the left foot on the platform followed by the right foot 
on the outer step of the bucket. Pivot in a clockwise direction towards the 
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back of the bucket and place left foot on the inside corner step of the bucket. 
Complete pivot while left foot is on the corner step and then step down into 
the bucket. 
Egress – Place hands on the bucket rim and left foot on the inside corner 
step of the bucket. With the left foot on the inside step, begin pivot in an 
anticlockwise direction (towards the back of the bucket) and place right foot 
on the outer step upon completing pivot. Once body is completely facing the 
bucket, step down with the left foot on the platform and then place both feet 
on the ground back to initial position. 
 
V. Condition E was identical to condition B with one inside corner step and 
one outside step, but also included the use of a handle - Figure 2-26.  
Ingress – Begin with the left foot on the platform followed by the right foot 
on the outer step of the bucket. Use handlebar for stabilizing as necessary. 
Pivot in a clockwise direction towards handlebar and place left foot on the 
inside corner step of the bucket. Complete pivot while left foot is on the 
corner step and then step down into the bucket. 
Egress – Position left hand on the handlebar to assist with initial lift and 
place and left foot on the inside corner step of the bucket. With the left foot 
on the inside step, begin pivot in an anticlockwise direction (towards 
handle) and place right foot on the outer step upon completing pivot. Once 
body is completely facing the bucket, step down with the left foot on the 
platform and then place both feet on the ground back to initial position. 
 
VI. Condition F had one inside corner step and two outside steps with no 
handle -Figure 2-26. 
Ingress – Start with right foot on the platform, then left foot on the lower 
outside step of the bucket. Place hands on the bucket rim for stability and 
place right foot on the top outer step and begin pivot in a clockwise direction 
(towards the back of the bucket). Complete pivot by placing left foot on the 
inside corner step of the bucket, and then step down into the bucket. 
Egress – Place left foot on the inside corner step. Position hands on the 
bucket rim for stability and begin pivot in a counterclockwise direction. 
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Complete pivot with right foot on the top outer step, once body is facing the 
bucket, step down with the left foot on the lower outer step followed by 
right foot on the platform and then back to initial position. 
 
VII. Condition G was identical to condition F with one inside corner step and 
two outside steps and also included a handle - Figure 2-28. 
Ingress - Start with right foot on the platform, then left foot on the lower 
outside step of the bucket. Use handle bar for stability and place right foot 
on the top outer step and begin pivot in a clockwise direction (towards the 
handle). Complete pivot by placing left foot on the inside corner step of the 
bucket, and step down into the bucket. 
Egress - Place left foot on the inside corner step. Position hands on the 
handle for stability and begin pivot in a counterclockwise direction. 
Complete pivot with right foot on the top outer step, once body is facing the 
bucket, step down with the left foot on the lower outer step followed by 
right foot on the platform and then back to initial position. 
 
 
Figure 2-30: One outer step  
with handlebar  
  
Figure 2-31: Two outer steps  
with handlebar 
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2.8 Participants  
2.8.1 Eligibility Criteria  
The following criteria were used to determine eligibility for this study.   
 18-65 years of age  
 Physically able to complete all of the trials with minimal rest using 
the specified methods  
 No past or present physical injuries that could be exacerbated by 
participation in this study (i.e. if a prospective participant has had 
severe shoulder, knee or back pain and has not fully recovered, then 
he or she was not eligible to participate).   
The full details of participants’ background information can be seen in APPENDIX C. 
2.8.2 Determination of Sample Size  
Sixteen subjects were tested in this study. A power analysis was not performed 
prior to the study to determine the required number of participants. However, the 16 
subjects were sufficient to attain and at least 80% statistical power with α > 0.05 for all 
significant effects.  
2.9 Presentation Order of Conditions  
All of the participants in this study performed each condition three times.  To 
eliminate carry-over and order effects, the presentation order was counterbalanced 
between the subjects (D’Amato, 1979). As Condition A – no inside step, no handle, one 
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outside step, Condition B – inside corner step, no handle, one outside step, Condition C – 
inside front step, no handle, Condition D – inside corner step, no handle, large outer step, 
Condition E – inside corner step, handle, one outside step, Condition F – inside corner step, 
no handle, two outside steps, and Condition G – inside corner step, handle, two outside 
steps, the order of presentation for each participant was determined by the following 
sequence (Table 2-1). The sequence was repeated two times to include all 16 subjects.             
 * Condition H – step ladder – was tested but not analyzed for this segment of the study. 
 
Table 2-1: Order in which conditions were performed by each participant 
 
  Presentation Order 
S01 A B H C G D F E 
S02 B C A D H E G F 
S03 C D B E A F H G 
S04 D E C F B G A H 
S05 E F D G C H B A 
S06 F G E H D A C B 
S07 G H F A E B D C 
S08 H A G B F C E D 
S09 A B H C G D F E 
S10 B C A D H E G F 
S11 C D B E A F H G 
S12 D E C F B G A H 
S13 E F D G C H B A 
S14 F G E H D A C B 
S15 G H F A E B D C 
S16 H A G B F C E D 
 
 
This method of complete counter balancing only allows each configuration to 
precede the other configurations exactly once (A precedes B, C, and D only once, etc.) for 
each set of eight subjects.   
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2.10 Equipment  
2.10.1 Biometrics Ltd. Data Acquisition System  
The muscle activity data were collected using Biometrics Datalog wireless Bluetooth 
data units (model MWX8) and eight EMG electrodes (model SX230) at a sampling rate of 
1000Hz. The knee and elbow joint angle data were collected using Biometrics Datalog 
wireless Bluetooth data units (model MWX8) with four electrogoniometers sensors at a 
sampling rate of 100Hz. 
Data collection and storage was controlled with the DataLog Management & 
Analysis Software version 8.0.  Data were collected simultaneously from both sets of units. 
The channel sensitivity was adjusted for each channel and subject during the maximal 
calibration so the maximum output was above 70% of full scale, but not saturated (Figure 
2-32). 
 
 
Figure 2-32: Screenshot of Maximum amplitude signal of muscle 
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2.10.2 Video Camera System 
A two-camera video recording system, Unibrain Fire-i™ digital firewire cameras, one 
mounted on the ceiling above the bucket and the other on a tripod facing the front of the 
bucket (Figure 2-33), was used for video data collection.   
 
 
Figure 2-33: Two Unibrain Fire-i™ digital firewire cameras 
 
Custom designed motion capture software in LabVIEW was used to simultaneously 
record video from both cameras. The software also allowed sequence markers to mark the 
frame to identify points of muscle activity and joint angle rotation. These frame markers 
allow the data collected with the video cameras and Biometrics units to be synchronized for 
analysis.  Video data were recorded at 30fps. 
 
 
Digital video camera 
recording system 
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2.11 Experimental Protocol  
Each participant followed the protocol described below for testing. 
1. When participant arrived, he/she was greeted and thanked for coming. 
2. The participant was informed that their participation will take less than four hours. 
3. The participant was informed that none of the data collection will be physically 
invasive and all participation is confidential.  The EMG sensors and goniometers 
were shown and described to the participant. 
4. The participant was then informed of the terms of the IRB consent form, after which, 
the participant was offered to read the consent form in private.  The participant was 
able to ask questions after reading the form.  If he/she agreed to the terms of the 
consent form, then he/she signed the form. 
5. The participant performed what was considered to be the most difficult 
configuration (condition A) to enter and exit the aerial bucket to ensure he/she was 
able to perform the tasks required for the experiment.  
6. The participant was then allowed to change into appropriate attire for testing and 
directed to a dressing room.  The participant was also reminded that he/she will not 
be able to use the restroom for the next 2-3 hours. 
7. After the subject returned from the restroom and was ready to begin, the 
investigators swabbed upper arms, upper chest, lower back and anterior thighs with 
cotton swabs and alcohol to remove excess skin oil. 
8. The locations for the EMG sensors and goniometers were marked using a washable 
marker.  If any marks for the goniometers were in areas with thick hair, the subject 
was told that tape will be applied to skin in that area and the subject can choose to 
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have the area shaved. If the hair was too thick for proper contact for the EMG 
sensors the hair was shaved. 
9. The EMG channels were zeroed in the Biometrics Acquisition software prior to 
making contact with participant’s body. 
10. The wireless Bluetooth Biometrics MWX8 units with belt were attached to either 
side of the subject’s waist. 
11. The EMG sensors were applied to the appropriate locations.  Two-sided hypo-
allergenic tape was used between the sensor and subject’s skin, and one-sided hypo-
allergenic tape was used on top of sensor.   
12. The self-adhesive ground electrode was attached to the subject’s wrist and 
connected to the EMG Bluetooth Biometrics unit.  
13. The goniometers were attached to the subject’s elbow and knee joints using two-
sided hypo-allergenic tape between the sensor and the subject’s skin and one-sided 
hypo-allergenic tape or wrap on top of the sensor. 
14. The EMG sensor cables and goniometer cables were then attached to MWX8 subject 
respective units in the proper channels. 
15. The subject was then told to relax the body completely and let their arms hang 
naturally. Resting EMG data was recorded for all muscles groups simultaneously for 
approximately 5 seconds. 
16. The subject was asked to extend elbows and stand with knees perfectly straight and 
goniometer channels were zeroed.  
17. All of the EMG sensor cables and goniometer cables were pulled over the shoulders 
and down the back of the subject.  The cables were taped to subject’s back and side.  
18. Maximal exertion calibration for the EMG signals were recorded twice for each of 
the muscle groups separately by having the participant exert a brief (about 4 
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seconds) maximal voluntary muscle contraction against a specially designed static 
apparatus ( 
19.  Figure 2-11). 
20.   The apparatus was adjusted to position the subject’s appropriate joints to the 
anticipated position for ingress and egress.  If the signal was saturated, adjustments 
to the channel settings were made. 
21. The signal quality of all channels was checked by instructing the subject to flex and 
extend elbows and knees and to twist and rotate pelvic area.  Necessary adjustments 
to the channel settings or sensors were made. 
22. The subject was asked to move around to see if movement was impeded by any of 
the sensors or tape. 
23. A visual check was performed to ensure all cables were secured to subject before 
testing was initiated. 
24. The specific aerial bucket was configured to match the designated Condition by 
adding or removing the inside step and handle bar to the one step or two step 
bucket. 
25. The participant was taken to the specified aerial bucket configuration and was given 
verbal instructions as well as a demonstration of the procedure to enter and exit the 
aerial bucket. 
26. After the participant confirmed that he/she understood the procedure, he/she was 
asked to stand at the starting position in front the platform step and await a verbal 
“GO” signal from the investigator. 
27. Once the participant completed ingress, her/she was asked to remain in the bucket 
while recorded data were saved.  
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28. At the investigator’s “GO” signal, the participant exited the bucket using the 
specified method and asked to stand still when they got back to the initial position 
in front the platform step to allow the investigator to save the recorded data. 
29. After three trials of ingress and egress for that condition was completed, participant 
was asked to fill out a subjective assessment form for that condition 
30. Steps 24 through 26 were performed three times for each condition. 
31. After all conditions were completed the participant provided an ordinal rank of the 
two most and least preferred conditions.  
32. Participant was weighed with all sensors and Biometrics unit still attached. 
33. All sensors and tape were removed. 
34. Fourteen anthropometric dimensions of participant were measured  
35. Participant was allowed to use the restroom and change clothes. 
36. Participant was thanked and released. 
 
2.12 Anthropometric Measurements  
Fourteen anthropometric length measurements (four standing and ten sitting, 
(Figure 2-34) and weight were measured after testing on each subject according to the 
general protocol of (Marklin, et al., 2010).  Twelve of the fourteen measurements were 
recorded in the same manner for this study. The subjects wore a sleeveless t-shirt or tank 
top, shorts (pockets empty), and shoes when they were measured.  The protocol used is 
based on the Anthropometric Survey of U. S. Army Personnel (Gordon, 1989) except arm 
length (middle finger tip instead of thumb-tip) and interscye breadth (beam caliper instead 
of steel tape). 
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Figure 2-34: Fourteen Anthropometric Measurements 
 
The standing dimensions were stature (A), shoulder height (B), waist height (C) and 
arm length (D).  The sitting dimensions were, sitting height (E), shoulder height (F), knee 
height (G), popliteal height (H), shoulder breadth (I), interscye breadth (J), hip breadth (K), 
buttock-knee length (L), buttock-popliteal length (M) and trunk depth (N).  
 
2.13 Data Collection and Data Conditioning  
2.13.1 Data Collection 
EMG signal amplitude and load cells data were collected for the entire duration of 
ingress and egress separately for three trials for each condition. The total tine to enter the 
bucket ranged from 5.73 to 11.08 sec across all 16 participants. The total time to exit the 
bucket ranged from 5.21 to 12.0 sec (Condition A – no inside step, no handle). The data 
were then separated into four intervals for analysis (4 for ingress and 4 for egress). The leg 
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positions during the intervals were determined by the data from the Goniometers and the 
video files simultaneously. 
The four intervals for no inside step and one outside step are: 
I. Time period the left foot is on the platform step. (Figure 2-35) 
 
Figure 2-35: Interval I 
 
II. Time period the right foot is on the outer bucket step. (Figure 2-36) 
 
Figure 2-36: Interval II 
 
III. Time period hands and feet are on the bucket rim –hovering over the 
bucket. (Figure 2-37) 
 
Figure 2-37: Interval III 
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IV. Time period the body is supported primarily by the upper extremities. 
(Figure 2-38) 
 
Figure 2-38: Interval IV 
 
The four intervals for an inside step and one outside step are: 
I. Time period the left foot is on the platform step. (Figure 2-39) 
 
Figure 2-39: Interval I 
 
II. Time period the right foot is on the outer bucket step.(Figure 2-40) 
 
Figure 2-40: Interval II 
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III. Time period the left foot crosses over to the inside of the bucket and lands 
on the inside step with hands on the bucket rim (Figure 2-41) 
  
Figure 2-41: Interval III 
 
IV. Time period the left foot is on the inside step and right foot is descending to 
the floor of the bucket. (Figure 2-42) 
 
Figure 2-42: Interval IV 
 
The four intervals for two outside steps are: 
I. Time period the right foot is on the platform step.(Figure 2-43) 
 
Figure 2-43: Interval I (2-step bucket) 
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II. Time period the left leg is fully extended and on the lower outer step and 
right foot is on the top outer step. (Figure 2-44) 
 
Figure 2-44: Interval II (2-step bucket) 
 
III. Time period the left foot is on the inside step, right foot still on the top outer 
step and the hands are on the bucket rim. (Figure 2-45)  
 
Figure 2-45:  Interval III (2-step bucket) 
 
IV. Time period the left foot is on the inside step and right foot is descending to 
the floor of the bucket. (Figure 2-46) 
 
Figure 2-46:  Interval IV (2-step bucket) 
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The four intervals for an inside step and one outside step with a handlebar are: 
I. Time period the left foot is on the platform step. (Figure 2-47) 
 
Figure 2-47: Interval I 
 
II. Time period the right foot is on the outer bucket step.(Figure 2-48) 
 
Figure 2-48: Interval II 
 
III. Time period the left foot crosses over to the inside of the bucket and lands 
on the inside step with hands on the handlebar (Figure 2-49) 
  
Figure 2-49: Interval III 
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IV. Time period the left foot is on the inside step and right foot is descending to 
the floor of the bucket. (Figure 2-50) 
 
Figure 2-50: Interval IV 
 
The four intervals for two outside steps and a handlebar are: 
I. Time period the right foot is on the platform step. (Figure 2-51) 
 
Figure 2-51: Interval I (2-step bucket) 
 
II. Time period the left leg is fully extended and on the lower outer step and 
right foot is on the top outer step. (Figure 2-52) 
 
Figure 2-52: Interval II (2-step bucket) 
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III. Time period the left foot is on the inside step, right foot still on the top outer 
step and the hands are on the bucket rim. (Figure 2-53)  
 
Figure 2-53:  Interval III (2-step bucket) 
 
 
IV. Time period the left foot is on the inside step and right foot is descending to 
the floor of the bucket. (Figure 2-54) 
 
Figure 2-54:  Interval IV (2-step bucket) 
 
 
The four intervals for egress were in reverse order, starting with interval IV when 
the participant was in the bucket. Video of each trial was recorded so the investigator was 
able to accurately determine the beginning and end of each interval post-testing. There 
were four intervals analyzed for each ingress trial and each egress trial. The average time 
(±SD) for interval III was 1.095(±0.443) sec for Condition A and 0.6656(±0.3139) sec for 
interval IV. 
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2.13.2 Data Conditioning  
Muscle activity – The EMG data were normalized to %MVCEMG (NIOSH, 1992) using 
eq. (1), where  is the highest one second average of the voltage from the maximal effort 
calibration data for each muscle with a 250ms RMS filter,  is the one second average of 
the voltage from the resting data for each muscle with a 250ms RMS filter, and is the 
voltage of each datum point collected with a 250ms RMS filter.   and  are constant 
for each participant’s specific muscle (e.g. left triceps). 
 
max
% task restEMG
rest
V V
MVC
V V



 (1) 
 was measured before test conditions with the participant exerting maximal force 
against a static strength test fixture.  The apparatus was adjusted to position the 
participant’s joints to the middle of the anticipated range of motion corresponding to range 
of motion for bucket ingress and egress. Vrest was measured with the participant in the 
standing position.   
After the raw EMG signal was converted to %MVCEMG, the mean of each data analysis 
period for ingress and egress trial was calculated.  Then the mean of the 3 trials was 
calculated for each data analysis period resulting in 8 means for each muscle corresponding 
to the condition (A,B & C) for  each participant (4 for ingress and 4 for ingress). 
Load cells – The load cells data were normalized to % body weight.  The data 
conditioning for these data was the same as the data processing for %MVCEMG, resulting in 8 
data points for each configuration - an average mean % body weight for each data analysis 
period for ingress and egress for each bucket design. 
Subjective rating – The subjective assessment data required no conditioning. 
 
 
maxV
restV
taskV
maxV restV
maxV
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2.14 Statistical Analysis  
Inside Step – A repeated measure one-way ANOVA was used to determine if the 
locations of an inside step had a significant effect on each of the dependent variables 
measured for the data analysis periods of intervals 3 and 4 (Conditions A, B & C). Intervals 1 
and 2 were not included in the analysis as they involved the same range of motion and effort 
for all conditions. The analysis was performed on the left and right Triceps, left and right 
Rectus Femoris and bucket load cells. If the effect of an inside step was significant, a post-
hoc Tukey test was performed to determine which of the conditions were significantly 
different.  The effect of the inside step on load cells were not analyzed for interval 3 as the 
participants used their left foot on the bucket rim in Condition A. 
Data for each muscle were analyzed separately because the statistical differences 
between right and left side data were of relatively limited interest since they could be 
primarily attributed to the pre-determined foot placement and body movement pattern 
used for each of the conditions. 
 
Handle and External Steps – A repeated measure 2 x 2 Factorial design was used 
to analyze the biomechanical effect of a handle and the number of outer steps and the 
interaction between the two (Conditions B, E, F & G).  Full analysis was performed on the 
left and right Pectoralis, left and right Triceps, left and right Rectus Femoris, and bucket 
load cells. If there was significant interaction between the two, a Tukey test was performed 
to determine which factors were significant within the interaction. This analysis was also 
done for intervals III & IV and included the load cells. 
Data was collected for the left and right Erector Spinea but was not tested in this 
study. 
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Subjective Rating – For both analysis comparisons: inside step (A, B, & C) and handle 
& external step (B, E, F & G), a non-parametric Friedman’s test was performed on the 
Subjective Assessment responses to the level of Ease and Liking when entering and exiting 
the bucket based on the Likert scale (2.5.3 Subjective Assessment).   
No statistical analysis was performed on the Overall Preference among all 
conditions.  
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3 RESULTS  
3.1 Height and Weight of Participants  
The participants were recruited to represent a range of large to small sizes. The 
average height and weight (±SD) of the participants was 171.9 (± 9.8) cm and 71.5 (±18.3) 
kg respectively (Graph 1). 
 
 
Graph 1: Weight and height of participating subjects 
 
The following demographic information was collected from all of the participants.  
The average age (±SD) in years of the participants was 27 (±7) with a range of 20 to 34 
years. Of these participants, ten were males and six were females. 
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3.2 Participant Anthropometry 
The summary statistics of the general population for the 15 anthropometric 
variables recorded for each subject are presented in Table 3-1 .The average age (± SD) of 
general population tested was 27(±7) years. Gender, occupation, and injury/illness data can 
be seen in APPENDIX D.   
 
 
Table 3-1:  Summary statistics of the anthropometric variables 
 
  MEAN SD MIN MAX 
Weight (kg) 71.5 18.3 51.2 115.0 
Stature (cm) 173.0 9.7 162.3 192.8 
Arm Length (cm) 80.4 6.7 71.0 96.3 
Shoulder Height (cm) 143.2 8.9 131.6 161.9 
Waist Height (cm) 101.7 7.7 87.3 113.6 
Sitting Height (cm) 90.3 4.7 85.5 101.0 
Shoulder Height (cm) 61.6 3.6 58.3 68.8 
Trunk Depth (cm) 21.2 3.7 16.5 27.5 
Buttock-Knee Length (cm) 58.6 5.2 49.6 66.4 
Buttock-Popliteal Length (cm) 50.2 5.2 39.9 58.5 
Knee Height (cm) 54.2 4.1 48.7 61.8 
Popliteal Height (cm) 44.3 3.0 39.7 49.1 
Shoulder Breadth (cm) 43.9 4.9 37.7 54.4 
Intercye Breadth (cm) 30.8 3.0 25.5 37.0 
Hip Breadth (cm) 36.1 2.8 31.9 41.5 
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3.3 Analysis of Variance  
3.3.1 Inside step 
The approach to the analysis for all of the dependent variables excluding the 
subjective assessment was a one-way ANOVA for Conditions. The Subjective Assessment 
was analyzed using a non-parametric analysis.  
For testing the effect of the presence and location of an inside step, a one-way 
ANOVA on conditions A,B & C was performed on the dependent variables of the bilateral 
groups of the Triceps, and Rectus Femoris and the load cells. The presence of an inside step 
proved to have a significant effect during ingress and egress mainly on the upper 
extremities for all intervals.    The ANOVA p-values for each dependent variable are shown 
in Table 3-2.   
Table 3-2: P-Values of % MVC on each interval for effect of inside step. P-values in red and italics are 
<0.05  
 Direction  Interval   Muscle  p-value 
IN 
INTERVAL 3 
 R Triceps 0.0002 
 L Triceps 0.0035 
 R Rectus Femoris 0.0701 
 L Rectus Femoris <0.0001 
INTERVAL 4 
 R Triceps <0.0001 
 L Triceps <0.0001 
 R Rectus Femoris 0.0023 
 L Rectus Femoris 0.6343 
OUT 
INTERVAL 3 
 R Triceps <0.0001 
 L Triceps <0.0001 
 R Rectus Femoris <0.0001 
 L Rectus Femoris <0.0001 
INTERVAL 4 
 R Triceps <0.0001 
 L Triceps <0.0001 
 R Rectus Femoris 0.0089 
 L Rectus Femoris 0.0803 
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Complete ANOVA results for each variable during intervals III & IV is shown in the 
APPENDIX E. 
Upper Extremities: On entering the bucket during interval III, the overall lowest 
%MVC of the upper extremities was recorded during condition C (inside step in the front 
location –Figure 2-14 ). In the left triceps, the difference in muscular activity between 
condition A and condition C was not statistically significant, with a mean value of 14% MVC 
(Figure 3-1).  The right triceps minimum of 19% MVC was seen in condition C and there was 
no statistical difference between condition A and condition B which had a mean of 29% 
MVC. 
During interval IV when entering the bucket, condition A had the highest muscle 
activity for both the left and right triceps with a mean of 51% MVC in condition A. Condition 
B and condition C showed no statistical significance and had a mean value of 34% MVC and 
18% MVC in the left and right triceps respectively.    
 
- Represents conditions that are not statistically different. 
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Figure 3-1: Left triceps during interval III (in) 
Gen. Pop. R Triceps 4 IN, Unweighted Means
Vertical bars denote 0.95 confidence intervals
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Figure 3-2:  Right triceps during interval III (in) 
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On exiting the bucket, Condition A required the highest %MVC for both the left and 
right triceps of approximately 60% MVC as shown in Figure 3-5 & Figure 3-6. Conditions B 
and C showed no statistical difference. Interval III yielded similar pattern of results.  
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Gen. Pop. R Triceps 4 IN, Unweighted Means
Vertical bars denote 0.95 confidence intervals
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Figure 3-4: Right triceps during interval IV (in) Figure 3-3: Left triceps during interval IV (in) 
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Gen. Pop. R Triceps 4 OUT, Unweighted Means
Vertical bars denote 0.95 confidence intervals
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Figure 3-5: Left triceps during interval IV (out) Figure 3-6: Right triceps during interval IV (out) 
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Overall, Condition A required much more effort from the upper extremities for a 
person to enter and exit the bucket.  
Lower Extremities – The significance of the force applied by the left and right rectus 
femoris (quadriceps) was greatly influenced by the predetermined footing for each 
condition. Consequently, for interval III entering the bucket, there was no significant effect 
for the right rectus femoris whereas there was for the left rectus femoris. The left rectus 
femoris required significantly more effort during interval III for Condition A with an 
average of 49% MVC when compared to Condition B and C which had an average of only 
14% MVC and 20% MVC respectively (Figure 3-7). Statistically, there was no difference 
between Condition B and C. 
 
 
 
 
 
 
 
 
 
 
 
Interval IV required significantly greater %MVC when entering the bucket for the 
right rectus femoris (Figure 3-8), during Condition A with 27% MVC when compared to 
14% MVC and 12% MVC for Condition B and C respectively. Condition B and C were not 
statistically different during this interval.  
Figure 3-7:  Left rectus femoris during 
interval III (in) 
Gen. Pop. L Rectus Femoris 3 IN, Unweighted Means
Vertical bars denote 0.95 confidence intervals
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On exiting the bucket, there was no significant difference between condition A and 
condition C for the left rectus femoris during interval III and Condition B required the least 
muscular activity. For the right rectus femoris however, the most effort during interval III 
was used for Condition A, with an average of 22% MVC in comparison to Conditions B and C 
which used an average of 10% MVC and 7% MVC respectively (Figure 3-9). There was no 
significant statistical difference among the different conditions during interval IV for the left 
or right rectus femoris.  
 
 
 
 
 
 
 
 
Figure 3-8: Right rectus femoris during 
interval IV (in) 
Figure 3-9: Right rectus femoris during 
interval III (out) 
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Gen. Pop. R Rectus Femoris 3 OUT, Unweighted Means
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For both the upper and lower extremities, Condition A was significantly different 
from Condition B and C with the lower extremities having an overall lower %MVC to that of 
the upper extremities.   
 
Load Cells – For ingress and egress, interval III was not analyzed as during this time, 
Condition A required that the left foot also be placed on the rim of the bucket which led to 
additional forces being applied to the load cells apart from that of the upper extremities. 
This would not allow for accurate comparison between Condition A and Condition B & C. 
For interval IV, the highest percent body weight on the bucket was for Condition A, 
for both entering and exiting the bucket with an average of 66% and 52% body weight 
respectively. This was approximately 40% higher than for conditions B and C which had a 
maximum of 21% and 34% body weight respectively for ingress (Figure 3-10) and 9% and 
11% body weight on egress (Figure 3-11). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gen. Pop. Load Cells 4 IN, Unweighted Means
Vertical bars denote 0.95 confidence intervals
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Figure 3-10: Load cells during interval IV (in) Figure 3-11: Load cells during interval IV (out) 
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Assessing all results collectively, there was a clear distinction in the amount of effort 
required to enter and exit an aerial bucket where there is no inside step present (Condition 
A). This effect was seen both in the upper and lower extremities of participants. Concurrent 
data from the load cells also generated the same results in which it can be seen that 
participants applied a greater portion of body weight to the bucket (through the arms) 
when entering and exiting a bucket with no inside step. 
It is therefore noted that the presence of an inside step significantly reduces 
biomechanical loading. However, the location of the inside step (front or side location) does 
not appear to make a significant difference.  
 
Subjective Assessment 
 Participants used a 7-point Likert scale to rate the conditions for each measure of 
subjective assessment: ease of use, and like/dislike for each condition for entering and 
exiting. Condition B was rated highest of the all Conditions for all subjective assessment 
measures, both on entering and exiting the bucket.   
 
 
 
 
 
 
 
  
          Figure 3-12: Median for ease entering              Figure 3-13:  Median for liking of entering 
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           Figure 3-14: Median for ease exiting                   Figure 3-15: Median for liking of exiting 
 
    - Denotes no statistical difference between conditions 
 
 
 
 
A Friedman’s test (ANOVA) was used to determine if there was a significant 
difference between the conditions based on the participants’ answers. 
Participants were also asked to rank their overall preference of the conditions from 
best to worst. Of the three Conditions A, B, & C, Condition B was selected as the overall best 
and Condition A was selected as the worst. Full ANOVA and descriptive statistics are 
shown in APPENDIX E. 
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3.3.2 Handle Bar and Number of External Steps 
The approach to the second analysis for all of the dependent variables excluding the 
subjective assessment was a 2 x 2 factorial analysis for (# of outer) Steps, (the presence of a) 
Handlebar and the interaction between the two. The Subjective Assessment was analyzed 
using a non-parametric analysis.  
Full analysis was done for Condition B (one outer step, no handle-Figure 2-13), 
Condition E (one outer step with handle-Figure 2-30), Condition F (two outer steps, no 
handle-Figure 2-2) and Condition G (two outer steps with handle-Figure 2-31). The 
dependent variables analyzed were the bilateral groups of the Pectoralis, Triceps, and 
Rectus Femoris. The ANOVA p-values for each dependent variable are shown in Table 3-3. 
The complete ANOVA results for each variable for intervals III & IV is shown in the 
APPENDIX F. 
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Table 3-3: P-values of Dependent Variables on each interval for steps and handle. P-values in red and 
italics are <0.05 
   
P-Values 
Direction Interval Muscle STEPS HANDLE STEPS*HANDLE 
IN 
INTERVAL 3 
 R Pectoralis  0.0926 0.6625 0.2849 
 L Pectoralis 0.0022 0.7259 0.1504 
 R Triceps 0.4275 0.4310 0.0921 
 L Triceps 0.0007 0.4246 0.8001 
 R Rectus Femoris <0.0001 0.7030 0.4013 
 L Rectus Femoris 0.0916 0.1681 0.0515 
INTERVAL 4 
 R Pectoralis  0.8310 0.9570 0.5933 
 L Pectoralis 0.2052 0.0020 0.4044 
 R Triceps 0.1116 0.0038 0.5109 
 L Triceps 0.6386 0.0009 0.6885 
 R Rectus Femoris 0.7004 0.5763 0.3155 
 L Rectus Femoris 0.1089 0.0380 0.4356 
OUT 
INTERVAL 3 
 R Pectoralis  0.4697 0.0278 0.4870 
 L Pectoralis 0.1679 0.1550 0.7518 
 R Triceps 0.1645 0.3119 0.0751 
 L Triceps 0.0187 0.8838 0.5923 
 R Rectus Femoris 0.0006 0.3269 0.8762 
 L Rectus Femoris 0.0019 0.8154 0.1663 
INTERVAL 4 
 R Pectoralis  0.3437 0.4335 0.1806 
 L Pectoralis 0.2307 0.0936 0.8359 
 R Triceps 0.6939 0.0049 0.7899 
 L Triceps 0.6374 0.0002 0.5179 
 R Rectus Femoris 0.4688 0.0031 0.3483 
 L Rectus Femoris 0.4275 0.4310 0.0921 
 
 
There was no significant interaction between number of external steps and 
presence of a handlebar for any of the muscle groups during interval III & IV when 
entering or exiting the bucket. The number of outer steps was a main effect only 
during interval III for ingress and egress. The presence of a handlebar was a main 
effect during interval IV for ingress and egress. 
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Interval III – On entering the bucket, the number of outer steps had a main effect in 
the upper left extremities (pectoralis and triceps), as well as in the left rectus femoris. The 
left pectoralis required an average of 12% MVC during this interval when there were two 
outer steps present, which was an approximate 5% increase when compared to using one 
outer step. The left triceps had a greater effect with an average of 30% MVC where two 
outer steps were used when compared to using one outer step which had required 
approximately 20% MVC with or without a handlebar being present. (Figure 3-16). The 
right rectus femoris required more muscular effort of 25% MVC with two outer steps and 
11% MVC with one outer step (Figure 3-17). 
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Figure 3-16: Left triceps during interval III (in) 
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On exiting the bucket during interval III, the number of outer steps had a main effect 
on the lower extremities and the left triceps muscle. The muscular activity of the left triceps 
increased from 20% MVC to 25% MVC when two outer steps were used instead on one 
outer step. In both the left and right rectus femoris, there was a less than 10% MVC increase 
in muscular activity when using two outer steps, with a maximum of 11% MVC and 17% 
MVC respectively. The presence of a handlebar was not a main effect on the muscles during 
this interval. 
 
Interval IV – On entering the bucket during interval IV, the presence of a handlebar 
had a significant effect on left pectoralis, and the bilateral group of the triceps. The left 
triceps had a decrease of 10% MVC of required muscular effort when a handlebar was 
present (Figure 3-19).  The right triceps had a similar effect with an average decrease of 8% 
MVC when a handlebar was present (Figure 3-18). The left pectoralis required a small 
amount of effort (3% MVC) when a handlebar was present, in comparison to 11% MVC 
when there was no handlebar. (Figure 3-20)  
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Figure 3-17:  Right rectus femoris during interval III (in) 
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On exiting the bucket during interval IV, the handlebar had a significant effect on the 
left and right triceps. The left triceps required an average of 12% MVC when a handlebar 
was present which was significantly lower than the muscle activity when no handlebar was 
present which had an average of 20% MVC (Figure 3-21). The right triceps had a decrease 
of 10% MVC when a handlebar was present when compared to no handlebar (Figure 3-22). 
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Figure 3-19: Left triceps during interval IV (in) Figure 3-18:  Right triceps during interval IV (in) 
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Figure 3-20:  Left pectoralis during interval IV (in) 
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Overall, there was strong evidence that interval III produced significant effect on the 
number of outer steps both when entering and exiting the bucket. This effect was most 
prominent on the left and right femoris. The presence of a handlebar had a significant effect 
on the upper extremities during interval IV both when entering and exiting the bucket. A 
horizontal handlebar reduced biomechanical loading mainly on the triceps and also on the 
pectoralis muscles. 
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Figure 3-21:  Left triceps during interval IV (out) Figure 3-22:  Right triceps during interval IV (out) 
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Subjective Assessment 
 Participants used a 7-point Likert scale to rate the conditions for each measure of 
subjective assessment: ease of use, and like/dislike for each condition for entering and 
exiting. Condition E was rated highest of the all Conditions for all subjective assessment 
measures, both on entering and exiting the bucket. 
 
 
 
 
 
 
 
  
Figure 3-23: Median of Ease of Entering   Figure 3-24: Median of Liking of Entering 
 
 
              
 
 
 
 
 
  
Figure 3-25:  Median of Ease Exiting   Figure 3-26: Median of Liking of Exiting 
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Overall subjective assessment showed that participants preferred one outer step in 
comparison to two outer steps, and the use of a handlebar instead of no handle. Assessment 
also revealed that if a two outer step bucket is used, general preference is to include a 
handlebar with it. The full ANOVA and descriptive statistics are shown in APPENDIX F. 
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4 DISCUSSION 
4.1 General 
This study was designed to provide utility companies and manufacturers of aerial 
buckets, with specific recommendations on the combination of steps and handlebar that 
would minimize muscle activity during ingress and egress and potentially reduce the risk of 
injury. 
To date, there have not been any set standard that can aid in determining a suitable 
combination. Thus this extensive research now gives bucket design companies and 
purchasers/consumers, quantitative data which would help in deciding the specific 
configuration which would be beneficial depending on the intended use. 
 
4.2 Presence of an Inside Step 
Hypothesis 1: The presence of an inside step will reduce muscle activity for the long head of 
the triceps and the rectus femoris on the subject and rim force of the bucket and increase 
subjective rating for ingress and egress when compared to no inside step.  
This hypothesis was proven. The presence of an inside step had a positive effect on 
the muscle activity and hand-rim force as well as the subjective rating for ingress and 
egress. During intervals III and IV, muscle activity of the triceps and rectus femoris was 
significantly reduced when an inside step was present, and subjective rating was also 
increased. 
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4.2.1 Muscle Activity and Bucket Rim Force 
During ingress and egress, the participants’ weight was distributed between the 
upper and lower extremities depending on the interval and points of contact on the bucket. 
The lower extremities (legs) of a person are generally stronger and more stable than the 
upper extremities. Therefore, whenever possible, it is recommended that the majority of a 
persons’ weight be supported by the legs, in effort to minimize the risk of musculoskeletal 
injury. 
For Interval III, when exiting the bucket with no inside step (Condition A) required 
the participant to lift themselves up, and be supported primarily by the upper extremities 
until they were able to raise their legs up to the bucket rim to descend to the outer steps. 
During this time, this condition led to muscular activity in which an average of 55%MVC and 
60%MVC was required of the left and right triceps respectively. This was more than double 
the required amount for conditions B and C which did use an inside step of 20%MVC and 
30%MVC respectively. 
Condition A required the most effort on the upper extremities when entering and 
exiting the bucket during interval IV. This was because during interval IV, the participant 
used the triceps and pectoralis in the upper body to lower and lift their body in and out of 
the bucket respectively, when an inside step was not present in the bucket. The left and 
right triceps when entering and exiting the bucket yielded an average of 50% MVC and 60 
% MVC respectively. Compared to the other conditions where there was an inside step 
present, the mean maximum percent MVC of the upper extremities generally did not exceed 
25%.  
By not including an inside step in the aerial bucket design, regardless of the location 
(side or front), it more than doubled the amount of muscular effort required to enter and 
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exit the bucket which increases the risk of cumulative injury to the upper body when 
performed on a regular basis. Legs have a larger muscle mass and are designed to support 
an individual’s entire body weight. As a result, the %MVC of the rectus femoris are 
comparably lower across all conditions when compared to the triceps. The only contrast of 
this was seen during interval III when entering the bucket in Condition A. At this point the 
rectus femoris muscle was experiencing a dynamic shift in support from the right leg to the 
left leg while in an elongated state. The arms of the participant, typically positioned on the 
rim of the bucket perpendicular to the body, were used mainly for stability and not for 
support. This was mirrored in the results of the triceps muscle during this interval with the 
minimal average comparative muscular activity of less than 15%MVC. The left rectus 
femoris carried a maximum %MVC of approximately 60% which is about three times the 
resulting muscle activity for Condition B and Condition C during the same intervals for this 
muscle. 
In order to maintain the ‘three-points of contact’ safety rule, one is required to place 
at least one foot on the rim of the bucket, when entering a bucket with or without an inside 
step. These buckets are used outdoors and workers in the bucket are often subject to 
inclement weather condition. When the rim of the bucket gets wet, it can become a slippery 
and increase the risk of falls, because there are no significant abrasions on the rim of the 
bucket.  
Observation of the load cells that were affixed under the corners of the rim of the 
bucket, during interval IV reveals that for Condition A, participants supported an average of 
65% and 55% body weight on the bucket lip using mainly their upper extremities. 
Throughout all intervals, there is no statistical difference between the muscular 
activity when completing Condition B and Condition C with the exception of interval III 
when entering the bucket. This is explained by the fact that during Condition B, the 
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participant is required to pivot during interval III before descending into the bucket in 
which the left and right triceps are used for support and stability. 
 
 
4.2.2 Subjective Rating 
At the end of the three trials for each Conditions, all participants completed a survey 
which rated their opinion on how much they liked and disliked entering and exiting the 
bucket, and how easy or difficult they felt the experience, based on a Likert scale of one to 
seven (1 being the worst and 7 being the best). Based on these results, it was clear to see 
that Condition A – one outside step with no inside step – received the lowest ranking with 
an average ranking of 4 (neutral) for entering the bucket and an average of 3 
(Disliked/Somewhat difficult) when exiting the bucket. At the end of the testing, the 
participant was asked to fill out another survey in which they rated their overall favorite 
and least favorite Condition. Of the three conditions being compared, Condition B was most 
frequently rated as the most preferred (3 times). Condition A was overwhelmingly rated as 
the least liked condition with a frequency of 11 out of 16 times. The results of participants’ 
subjective assessment of the conditions were compatible with the biomechanical responses 
of the muscular activity while performing the various conditions.  
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4.3 Presence of a Handlebar and number of Outer Steps 
Hypothesis 2:  The presence of a handle will reduce muscular activity for the subject and 
increase subjective rating for ingress and egress when compared to no handle. 
Hypothesis 3: The presence of two outer steps will reduce muscle activity on a subject and 
increase subjective rating for ingress and egress when compared to one outer step. 
The results of the analysis supports hypothesis 2, but rejects hypothesis 3. The 
presence of a horizontal handlebar did reduce the muscular effort required to enter and exit 
the bucket, primarily during interval IV .During interval III, one outer step reduced the 
biomechanical loading of the upper and lower extremities when compared to two outer 
steps both when entering and exiting the bucket.  
4.3.1 Muscle Activity 
There was not a significant Handlebar x Outer Step interaction for muscular activity 
of the left and right pectoralis, left and right triceps and the left and right rectus femoris 
during interval III & IV.     However, for interval III the number of outside steps was a 
significant factor for the pectoralis and triceps. With two outer steps, the participant was 
positioned higher up on the bucket which increases the bending angle required to make 
contact between the bucket rim and their upper extremities for stability and support during 
pivot. As a result, more body weight was transferred to the pectoralis and triceps at that 
time. There is a clear difference in muscle activity of the right rectus femoris for this 
interval. When entering and exiting the bucket, there was an average increase of 20%MVC 
and 10%MVC respectively with two steps on the outer bucket when compared to one outer 
step. The major contributing factor to this result is the predetermined foot pattern for 
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method of ingress and egress. Interval III is a transitional phase where the participant’s 
weight is transferred from one foot to the other as they cross over the rim to enter down 
into the bucket. 
On exiting the bucket for the same interval III, the left triceps saw the same effect of 
an 8%MVC increase when two steps were used. However, the number of outside steps was 
not a main effect on the pectoralis when exiting. With the presence of a handle located 
towards the rear of the bucket, the participant was compelled to reach their right arm 
across their chest in order to place both hands on the handle when exiting the bucket, which 
activated the right pectoralis muscle and increased activity by approximately 5%. 
The number of external steps did not affect the muscle activity of the upper 
extremities during interval IV because the participant would have already crossed over into 
the bucket at this time. However, on entering and exiting the bucket there was 
approximately a 10% decrease in MVC of the pectoralis muscles and 10% decrease on the 
triceps when exiting, with a handle was present. For interval IV, the handle was used for 
stability rather than support when entering and exiting the bucket. 
 
4.3.2 Subjective Rating 
The subjective ratings for these conditions all ranged between 4.0 to 6.0 on the 
Likert scale for liking and ease of entering and exiting the bucket. For entering the bucket, 
Conditions B (one step with no handle) and Condition E (one step with handle) both scored 
the highest approval rating with a mean of 6 (Easy) for ease of entering the bucket. 
Condition E scored a 6 (Strongly liked) for liking, based on the Likert scale. When exiting the 
bucket, Condition E again scored the highest for ease and liking with an average of 6. And 
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condition F (two steps with no handle) with the lowest overall rating both entering and 
exiting of 4 (Neutral). The overall preference of these conditions showed that participants 
selected Condition E as the most preferred of the four, appearing 6 times. Condition F was 
selected 6 times as the least liked conditions overall of the four. 
 
 
4.4 Safety 
Safety is the most important factor when using utility vehicles. Most utility workers 
such as trouble shooters often work out on the field alone when operating their aerial 
bucket trucks, regardless of the weather condition..  The design recommendation from this 
study can enhance the safety of utility workers who often use aerial buckets, whether the 
work alone or with others. Two outer steps on the bucket meant that the participant was at 
an increased risk of falling and required more muscular effort in order to increase their 
stability as their center of gravity becomes significantly higher during interval III when 
compared to using a one outer step bucket. 
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4.5 Recommendations 
In the manufacturing of buckets, there are specific ANSI Standards which must be 
met. These standards would not allow for abrasions or incising modifications to the bucket. 
When ordering aerial buckets, purchasers now have numerical data to compare the 
advantages and disadvantages of various configurations. 
Inner step - Based on ergonomics, the most basic configuration of a one-person aerial 
bucket should include an inside step. There are many variations in the design of an inside 
step for a one-person aerial bucket that may or may not be removable. Data show that the 
location of the inside step in either of the two tested location is acceptable, as long as one is 
present (Figure 4-1). Participants’ suggestions and recommendations made by utility 
workers all propose that the inside step be removable so that when the worker is in the 
bucket, it can be placed out of the way while he/she works.  
 
Figure 4-1:  Optimal design with an inside step 
  
 
Outer steps and Handles – When considering an ergonomically enhanced design for a 
one-person aerial bucket, one should consider using a bucket with one outer step and one 
inside step. If possible, the use of a horizontal handle bar would improve the overall 
stability and experience of the individual entering and exiting the bucket (Figure 4-2). 
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Depending on the model of the utility truck, it may not be feasible to place a handle bar on 
the arm of the boom adjacent to the bucket. Alternatively, a retractable handle bar can be 
placed on the exterior of the bucket rim such that it can snap up when needed and snap 
back down out of the way when not in use. If a bucket with two external steps is necessary 
or preferred by a smaller individual, one should consider using a handle bar which would 
improve the individual’s stability as they pivot at a higher center of gravity when entering 
and exiting the bucket (Figure 4-3). 
 
 
Figure 4-2: Optimal design with one outside 
step and a handle 
  
Figure 4-3: Alternative design with two outside 
steps and a handle 
 
The heights of persons who work in these industries vary widely. As a result, one or 
two outer steps on the bucket can be beneficial or counterproductive depending on the size 
of the persons using the bucket. Generally, taller persons prefer to use a single outer step 
bucket. 
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4.6 Limitations 
The laboratory study was performed using standard Altec aerial bucket designed for use by 
electrical utility companies.  
 
o These particular models of bucket follow a strict ANSI Standard which does not allow 
designers to make any cuts, indentations or abrasions on the bucket surface. This is a 
safety factor to prevent the risk of electrocution when working with very high voltages. 
Therefore, the options of alternate configurations are may be limited. 
 
o There was also a limitation in the size of the inner step of the bucket. If the inside step is 
too large it would limit the space in which the worker has to operate inside the bucket 
and may cause minor injury to their leg if they constantly “bump” into it.  
 
o When working on high voltage wires high above ground, workers often need to get very 
close to their work area, and large outer steps may become damaged by poles, trees and 
other obstacles. 
 
o Placing a handle bar on the exterior of the bucket or the arm of the boom may not be 
feasible depending on the model of the utility truck/boom and the stored position of the 
bucket-relative to the boom. 
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5 CONCLUSION 
1. Results provide strong evidence that a one-person aerial bucket with one inside step 
and a horizontal handle bar, where possible, would minimize the required amount 
of muscular activity, and has the potential to reduce the risk of injury when entering 
and exiting the bucket by reducing the muscular activity of the upper extremities. 
2. If it is not feasible to have only one exterior step, then a handlebar must be available 
to support a worker entering and exiting a bucket with two outer steps. 
 
These recommendations would increase the overall experience of a person entering 
and exiting an aerial bucket and would also reduce the risk of acute and cumulative 
musculoskeletal disorders (MSDs). 
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6 FUTURE WORK 
 Utility workers would be used as participants in laboratory study. The results of 
dependant variables would be used in a comparison analysis between W.E. Energies 
workers and the general population. 
 Analysis of data from the use of the stair ladder (Condition H). This data would be 
compared to the recommended designs (Conditions B and E). 
 Testing and analysis of the two-person aerial bucket in the future to determine the 
beneficial design features.  
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8 APPENDIX A: DIMENTIONED LINE DRAWINGS OF 
CONDITIONS (ALL UNITS IN MM) 
8.1 Condition A 
 
Figure 8-1: Drawing of Condition A (front view) (mm) 
 
 
 
Figure 8-2: Drawing of Condition A (top view) (mm) 
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8.2 Condition B 
 
Figure 8-3: Drawing of Condition B (front view) (mm) 
 
 
Figure 8-4: Drawing of Condition B (top view) (mm) 
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8.3 Condition C 
 
Figure 8-5: Drawing of Condition C (front view) (mm) 
 
Figure 8-6: Drawing of Condition C (top view) (mm) 
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8.4 Condition D 
 
Figure 8-7: Drawing of Condition D (front view) (mm) 
 
Figure 8-8: Drawing of Condition D (top view) (mm) 
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8.5 Condition E 
 
Figure 8-9: Drawing of Condition E (front view) (mm) 
 
 
Figure 8-10: Drawing of Condition E (top view) (mm) 
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8.6 Condition F 
 
Figure 8-11: Drawing of Condition F (front view) (mm) 
 
 
Figure 8-12: Drawing of Condition F (top view) (mm) 
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8.7 Condition G 
 
Figure 8-13: Drawing of Condition G (front view) (mm) 
 
Figure 8-14: Drawing of Condition G (top view) (mm) 
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8.8 Condition H 
 
 
 
Figure 8-16: Drawing of Condition H (front view) (mm) 
 
 
 
Figure 8-17: Drawing of Condition H (top view) (mm) 
Front handle bar removed 
for visual clarity 
Figure 8-15: Drawing of condition H 
(angled) 
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9 APPENDIX B: FORMS 
9.1 Consent Form 
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9.2 Occupational and Health Background Form 
Laboratory Study of Aerial Bucket Ingress/Egress Configurations  
Marquette University 
Occupational and Health Background Information Form 
 
Date: ______/_____/______  
Name:________________________________  Subject ID: ______________________ 
Age: ______________      Gender: ____________ 
Occupation: ___________________________________________________________________ 
How long have you been in this occupation? _________________________________________ 
Have you ever had an injury or illness of a musculoskeletal nature?  YES     NO.  
If YES, please describe___________________________________________________________ 
_____________________________________________________________________________
_____________________________________________________________________________ 
Do you have any current injury or illness or pain of a musculoskeletal nature?  YES   NO.  
Please describe and when it occurred ______________________________________________ 
_____________________________________________________________________________ 
If YES, would participating in this experiment worsen your injury, or illness or pain?  YES   NO.  
If YES, Please describe____________________________________________________________ 
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9.3 Reimbursement Acknowledgement 
Laboratory Study of Bucket Ingress/Egress 
Reimbursement Acknowledgement 
 
 
I, _____________________________________ have completed my participation in the 
laboratory study of bucket ingress and egress as determined by the investigators.  
By signing this form I am acknowledging that I understand that I will receive 
compensation for my participation in the form of a check for one hundred dollars 
($100). This will be sent out by mail to the address indicated on the DIV form 
(attached) and should be received approximately one week after submission. 
 
 
 
 
_______________________________________  ____________________ 
 Participant Signature   Date 
   
 
 
 
________________________________________  _____________________ 
 Investigator Signature   Date 
 
 
 
This form will be stored along with your consent form in a locked file cabinet 
separate from all other forms and data collected in this experiment. 
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9.4 Anthropometry Data Form 
Laboratory Study of Bucket Ingress and Egress 
Anthropometric Dimensions 
 
Subject’s ID: ____________________________         Date: ______/_____/______ 
Gender: _______________________                      Hand Dominance:    R    L 
Race:  White (non-Hispanic)   Black (African-American)    Hispanic   Asian    Native American     
Standing Dimensions 
Weight ……………………………………………………………………………………….._________lbs 
Stature……………………………………………………………………………………......_________cm    
Arm Length …………………………………………………………………………………._________cm     
Shoulder Height……………………………………………………………………………._________cm      
Waist Height……………………………………………………………………………….…_________cm 
Sitting Dimensions  
Sitting Height (from seatpan)  ………………………………………………………________cm           
Shoulder Height  (from seatpan)  …..…………………….….…………….......________cm        L  |  R 
Trunk depth (at abdomen)…….………………………………………………………________cm       
Buttock-Knee Length …….………………………………..…………………………...________cm       L  |   R 
Buttock-Popliteal Length………………………………………………………….......________cm       L  |  R 
Knee Height……………………………………………………………………………….....________cm       L  |  R 
Popliteal Height……………………………………………………………………………..________cm      L  |   R 
Shoulder Breadth (outside of shoulders)……………………...………………..________cm  
Interscye Breadth (between arm pits)………...………………………………....________cm 
Hip Breadth………………………………………………….……………………………......________cm 
Comments:  
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9.5 Subject Assessment Forms  
 (Forms varied based on Condition being performed) 
 
SUBJECTIVE ASSESSMENT SURVEY 
Laboratory Study of Aerial Bucket Ingress/Egress Configurations  
 
Subject ID: _____________________        Date: _____________________       Condition: A-H  
 
ENTERING 
Please rate the ease of entering the aerial bucket in this configuration 
1 2 3 4 5 6 7 
Very  
Difficult 
Difficult 
Somewhat 
Difficult 
Neutral 
Somewhat 
 Easy 
Easy 
Very  
Easy 
 
Please rate how much you disliked/liked entering the aerial bucket in this configuration 
1 2 3 4 5 6 7 
Very 
Strongly 
Disliked 
Strongly 
Disliked 
Disliked Neutral Liked 
Strongly 
Liked 
Very 
Strongly 
Liked 
 
EXITING 
Please rate the ease of exiting the aerial bucket in this configuration 
1 2 3 4 5 6 7 
Very  
Difficult 
Difficult 
Somewhat 
Difficult 
Neutral 
Somewhat 
 Easy 
Easy 
Very  
Easy 
 
 
Please rate how much you disliked/liked exiting the aerial bucket in this configuration 
1 2 3 4 5 6 7 
Very 
Strongly 
Disliked 
Strongly 
Disliked 
Disliked Neutral Liked 
Strongly 
Liked 
Very 
Strongly 
Liked 
 
Comments: 
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9.6 Overall Preference 
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10 APPENDIX C: PARTICIPANT BACKGROUND INFORMATION 
 
Table 10-1: Tabular responses to Form 9.2 of Background Information 
 
SUBJECT  DATE AGE GENDER OCCUPATION 
YEARS IN 
OCC. 
INJURY/ 
ILLNESS 
COMMENTS CURRENTLY 
S01 4/27/2011 28 M Grad Student 8 months Yes Ankle pain No 
S02 5/6/2011 23 F Grad Student 9 months Yes Torn ACL/Meniscus No 
S03 5/25/2011 22 F Grad Student 1 year No N/A No 
S04 6/20/2011 24 M Grad Student N/A No N/A No 
S05 6/7/2011 25 F Grad Student 1 year No N/A No 
S06 6/8/2011 34 F Corporate Trainer 10 years No N/A No 
S07 6/24/2011 18 M Student N/A Yes ankle surgery (1yr ago) No 
S08 7/8/2011 28 M 
Building Operation IT 
Specialist 1.5 years No N/A No 
S09 7/12/2011 27 M Grad Student 1 year No N/A No 
S10 7/12/2011 24 M Grad Student 2 years No N/A No 
S11 7/21/2011 21 M Student 4 years No N/A No 
S12 7/21/2011 21 M Support Services 10 months No N/A No 
S13 8/2/2011 24 F Grad Student 2 years No N/A No 
S14 8/22/2011 22 M Student 4 years No N/A No 
S15 8/26/2011 23 F Grad Student 1 year No N/A No 
S16 8/28/2011 22 M Grad Student 1 year No N/A No 
 
93 
 
 
11 APPENDIX D: PARTICIPANT ANTHROPOMETRY (Figure 2.34) 
11.1 (RAW DATA) – refer to Figure 2-34 
The following abbreviations for the anthropometric variables are used in : G – Gender; W – Weight; ST – Stature; A L – Arm Length; St H – Standing Shoulder 
Height; W H – Waist Height; Si H – Sitting Height; S H – Shoulder Height; T D – Trunk Depth; B-K L – Buttock-Knee Length; B-P L – Buttock-Popliteal 
Length; K H – Knee Height; P H – Popliteal Height; S B – Shoulder Breadth; I B – Intersceye Breadth; H B – Hip Breadth 
 
 
Table 11-1: Table of Participant Anthropometry 
   
unit:LBS unit: CM 
SUBJECT Age Gender  W  ST  A L St H W H SI H S H T D B-K L B-P H K H P H S B I B H B 
S01 28 M 150.6 180.3 82.8 149.0 108.2 94.8 66.6 17.5 58.3 49.9 56.2 45.6 45.0 31.3 35.4 
S02 23 F 144.4 164.8 76.5 135.8 99.5 87.6 59.8 20.4 60.0 51.5 51.0 41.3 42.9 33.2 36.8 
S03 22 F 124.6 163.1 71.0 132.9 87.4 89.1 60.4 22.5 50.1 39.9 49.9 40.1 40.1 27.9 38.0 
S04 24 M 135.8 162.8 73.6 131.6 87.3 89.3 59.5 18.5 49.6 42.6 48.7 40.1 42.1 27.6 32.8 
S05 25 F 112.8 165.1 72.4 136.2 97.3 90.8 61.6 17.8 52.9 44.4 48.8 39.7 38.7 28.7 31.9 
S06 34 F 134.8 169.8 84.0 143.4 102.0 85.6 59.9 20.4 64.5 56.2 55.3 43.3 38.5 30.3 34.3 
S07 18 M 196.2 175.9 83.9 145.4 103.6 86.4 58.8 27.5 64.0 55.2 57.0 46.6 48.5 32.5 39.9 
S08 28 M 179.2 168.5 77.6 138.5 98.7 85.5 58.5 25.9 58.9 51.7 54.8 44.0 48.2 34.5 36.9 
S09 27 M 136.0 168.5 79.0 140.0 103.0 87.5 58.9 18.4 57.0 49.2 52.1 44.2 43.4 29.6 34.0 
S10 24 M 212.8 183.0 79.9 152.5 105.6 96.6 67.8 27.5 61.7 52.7 57.8 46.8 48.6 34.3 40.0 
S11 21 M 126.6 168.9 80.5 139.6 96.1 89.2 59.5 19.5 56.5 47.1 51.8 44.0 37.7 28.6 32.5 
S12 21 M 170.8 186.1 85.8 153.7 110.4 96.9 64.9 19.6 60.3 51.8 57.0 47.5 46.1 30.9 35.6 
S13 24 F 129.0 170.4 81.0 143.0 105.0 87.0 58.3 18.1 60.0 52.7 53.4 44.7 39.8 28.8 35.2 
S14 22 M 200.0 186.0 96.3 154.5 111.7 92.1 60.9 23.8 64.5 54.8 61.8 48.7 49.8 32.6 37.6 
S15 23 F 117.0 162.3 73.0 133.9 97.5 86.0 58..1 16.5 52.8 45.1 51.1 42.8 39.2 25.5 34.4 
S16 22 M 253.2 192.8 89.8 161.9 113.6 101.0 68.8 25.0 66.4 58.5 61.0 49.1 54.4 37.0 41.5 
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11.2 SUMMARY STATISTICS OF PARTCIPANT ANTHROPOMETRY 
 
Table 10-2: Descriptive Statistics of Subject Anthropometry 
 
  MEAN SD MIN MAX 
Weight (kg) 71.5 18.3 51.2 115.0 
Stature (cm) 173.0 9.7 162.3 192.8 
Arm Length (cm) 80.4 6.7 71 96.3 
Shoulder Height (cm) 143.2 8.9 131.6 161.9 
Waist Height (cm) 101.7 7.7 87.3 113.6 
Sitting Height (cm) 90.3 4.7 85.5 101 
Shoulder Height (cm) 61.6 3.6 58.3 68.8 
Trunk Depth (cm) 21.2 3.7 16.5 27.5 
Buttock-Knee Length (cm) 58.6 5.2 49.6 66.4 
Buttock-Popliteal Length (cm) 50.2 5.2 39.9 58.5 
Knee Height (cm) 54.2 4.1 48.7 61.8 
Popliteal Height (cm) 44.3 3.0 39.7 49.1 
Shoulder Breadth (cm) 43.9 4.9 37.7 54.4 
Intercye Breadth (cm) 30.8 3.0 25.5 37 
Hip Breadth (cm) 36.1 2.8 31.9 41.5 
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12 APPENDIX E: COMPLETE ANOVA FOR INSIDE STEP ANALYSIS (CONDITIONS A, B & C) 
 
12.1 UPPER EXTREMITIES 
 
Table 12-1: ANOVA results and Post-Hoc Tukey test for triceps (n=16) 
3 IN SS DF MS F p 
Subject 0.306 15 0.020     
Condition 0.037 2 0.019 6.884 0.003 
Error 0.081 30 0.003 
  Total 1.577 47 1.194 
  
      
CONDITION 
A B C 
 
LEFT TRICEPS 
.13518 .19435 .13537 
 
 
A       
  B 0.009     
  C 1.000 0.009   
   
3 IN SS DF MS F p 
Subject 0.431 15 0.029     
Condition 0.098 2 0.049 11.843 0.000 
Error 0.124 30 0.004 
  Total 3.819 47 3.248 
  
      
CONDITION 
A B C 
 
RIGHT TRICEPS 
.28366 .29367 .19312
  A       
  B 0.899     
  C 0.001 0.000   
  
Gen. Pop. L Triceps 3 IN, Unweighted Means
Vertical bars denote 0.95 confidence intervals
CONDITION A CONDITION B CONDITION C
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Table 10:  ANOVA results and Post-Hoc Tukey test for Left Triceps (n=16) 
4 IN SS DF MS F p 
Subject 1.100 15 0.073     
Condition 0.282 2 0.141 16.373 0.000 
Error 0.258 30 0.009 
  Total 8.991 47 7.575 
  
      
CONDITION 
A B C 
  .49946 .33070 .34391 
  A       
 
 
B 0.000     
  C 0.000 0.915   
   
 
Table 10: ANOVA results and Post-Hoc Tukey test for Right Triceps (n=16) 
4 IN SS DF MS F p 
Subject 0.549 15 0.037     
Condition 1.308 2 0.654 72.265 0.000 
Error 0.271 30 0.009 
  Total 6.265 47 4.836 
  
      
CONDITION 
A B C 
  .52601 .19571 .15893
 
 
A       
 
 
B 0.000     
  C 0.000 0.525   
  
Gen. Pop. L Triceps 4 IN, Unweighted Means
Vertical bars denote 0.95 confidence intervals
CONDITION A CONDITION B CONDITION C
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Gen. Pop. R Triceps 4 IN, Unweighted Means
Vertical bars denote 0.95 confidence intervals
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Table 10: ANOVA results and Post-Hoc Tukey test for Left Triceps (n=16) 
3 OUT SS DF MS F p 
Subject 0.858 15 0.057     
Condition 1.039 2 0.519 33.623 0.000 
Error 0.464 30 0.015 
  Total 7.586 47 5.818 
  
      
CONDITION 
A B C 
  .53738 .21222 .24024 
 
 
A       
  B 0.000     
  C 0.000 0.801   
   
 
Table 10: ANOVA results and Post-Hoc Tukey test for Right Triceps (n=16) 
3 OUT SS DF MS F p 
Subject 0.583 15 0.039     
Condition 1.262 2 0.631 40.050 0.000 
Error 0.473 30 0.016 
  Total 8.383 47 6.751 
  
      CONDITION A B C 
 
 
  .58067 .28032 .20544
 
 
A       
  B 0.000     
  C 0.000 0.227   
  
Gen. Pop. L Triceps 3 OUT, Unweighted Means
Vertical bars denote 0.95 confidence intervals
CONDITION A CONDITION B CONDITION C
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Vertical bars denote 0.95 confidence intervals
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Table 102-6: ANOVA results and Post-Hoc Tukey test for Left Triceps (n=16) 
4 OUT SS DF MS F p 
Subject 0.649 15 0.043     
Condition 1.557 2 0.779 46.729 0.000 
Error 0.500 30 0.017 
  Total 8.485 47 6.618 
  
      
CONDITION 
A B C 
 
 
.59910 .18934 .25251 
 
 
A       
  B 0.000     
  C 0.000 0.362   
   
Table 10: ANOVA results and Post-Hoc Tukey test for Right Triceps (n=16) 
4 OUT SS DF MS F p 
Subject 0.510 15 0.034     
Condition 1.561 2 0.781 49.739 0.000 
Error 0.471 30 0.016 
  Total 8.299 47 6.588 
  
      
CONDITION 
A B C 
  .59945 .19271 .24682 
 
 
A       
  B 0.000     
  C 0.000 0.450   
  
Gen. Pop. L Triceps 4 OUT, Unweighted Means
Vertical bars denote 0.95 confidence intervals
CONDITION A CONDITION B CONDITION C
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12.2 LOWER EXTREMITIES 
Table 10: ANOVA results and Post-Hoc Tukey test for Left Rectus Femoris (n=16) 
3 IN SS DF MS F p 
Subject 0.523 15 0.035     
Condition 1.140 2 0.570 40.041 0.000 
Error 0.427 30 0.014 
  Total 5.762 47 4.291 
  
      
CONDITION 
A B C 
  .49161 .13827 .19985 
  A       
 
 
B 0.000     
  C 0.000 0.324   
   
 
Table 10: ANOVA results for Right Rectus Femoris (n=16) 
3 IN SS DF MS F p 
Subject 0.190 15 0.013     
Condition 0.012 2 0.006 2.909 0.070 
Error 0.061 30 0.002 
  
Total 0.891 47 0.649 
   
 
Gen. Pop. L Rectus Femoris 3 IN, Unweighted Means
Vertical bars denote 0.95 confidence intervals
CONDITION A CONDITION B CONDITION C
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Table 102-10: ANOVA results for Left Rectus Femoris (n=16) 
4 IN SS DF MS F p 
Subject 0.834 15 0.056     
Condition 0.011 2 0.006 0.462 0.634 
Error 0.371 30 0.012 
  
Total 3.729 47 2.586 
   
 
 
 
 
Table 102-11: ANOVA results and Post-Hoc Tukey test for Right Rectus Femoris (n=16) 
4 IN SS DF MS F p 
Subject 1.016 15 0.068     
Condition 0.215 2 0.107 7.495 0.002 
Error 0.430 30 0.014 
  Total 3.224 47 1.753 
  
      
CONDITION 
A B C 
  .27438 .14363 .12350 
 
 
A       
 
 
B 0.012     
  C 0.004 0.883   
  
Gen. Pop. L Rectus Femoris 4 IN, Unweighted Means
Vertical bars denote 0.95 confidence intervals
CONDITION A CONDITION B CONDITION C
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Table 10: ANOVA results and Post-Hoc Tukey test for Left Rectus Femoris (n=16) 
3 OUT SS DF MS F p 
Subject 0.202 15 0.013     
Condition 0.225 2 0.113 17.462 0.000 
Error 0.194 30 0.006 
  Total 2.085 47 1.596 
  
      
CONDITION 
A B C 
  .19762 .08159 .24468 
  A       
  B 0.001     
  C 0.238 0.000   
   
Table 10: ANOVA results and Post-Hoc Tukey test for Right Rectus Femoris (n=16) 
3 OUT SS DF MS F p 
Subject 0.166 15 0.011     
Condition 0.197 2 0.098 15.911 0.000 
Error 0.186 30 0.006 
  
Total 1.333 47 0.900 
  
      
CONDITION 
A B C 
  .21737 .09496 .07116 
 
 
A       
  B 0.000     
  C 0.000 0.672   
  
Gen. Pop. L Rectus Femoris 3 OUT, Unweighted Means
Vertical bars denote 0.95 confidence intervals
CONDITION A CONDITION B CONDITION C
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Table 10: ANOVA results for Left Rectus Femoris (n=16) 
4 OUT SS DF MS F p 
Subject 0.752 15 0.050     
Condition 0.060 2 0.030 2.747 0.080 
Error 0.326 30 0.011 
  
Total 3.419 47 2.373 
         
 
 
 
 
Table 102-15: ANOVA results and Post-Hoc Tukey test for Right Rectus Femoris (n=16) 
4 OUT SS DF MS F p 
Subject 0.347 15 0.023     
Condition 0.069 2 0.034 5.554 0.009 
Error 0.186 30 0.006 
  Total 1.500 47 0.961 
  
      
CONDITION 
A B C 
  .18844 .12306 .09875 
  A       
 
 
B 0.064     
  C 0.008 0.661   
   
Gen. Pop. L Rectus Femoris 3 OUT, Unweighted Means
Vertical bars denote 0.95 confidence intervals
CONDITION A CONDITION B CONDITION C
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12.3 LOAD CELLS 
Table 10: ANOVA results and Post-Hoc Tukey test for Load Cells (n=16) 
3 IN SS DF MS F p 
Subject 0.300 15 0.020     
Condition 1.129 2 0.565 46.262 0.000 
Error 0.366 30 0.012 
  Total 6.723 47 5.524 
  
      
CONDITION 
A B C 
 
 
.53697 .22276 .20145 
  A       
  B 0.000     
  C 0.000 0.850   
   
 
4 IN SS DF MS F p 
Subject 0.422 15 0.028     
Condition 1.777 2 0.889 24.492 0.000 
Error 1.088 30 0.036 
  Total 11.051 47 8.717 
  
      
CONDITION 
A B C 
  .66345 .20568 .33738 
  A       
  B 0.000     
  C 0.000 0.141   
   
 
Gen. Pop. Load Cells  3 IN, Unweighted Means
Vertical bars denote 0.95 confidence intervals
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3 OUT SS DF MS F p 
Subject 0.146 15 0.010     
Condition 4.881 2 2.440 518.864 0.000 
Error 0.141 30 0.005 
  Total 14.093 47 11.380 
  
      
CONDITION 
A B C 
  .88180 .19012 .22173 
  A       
 
 
B 0.000     
  C 0.000 0.404   
   
  
 
4 OUT SS DF MS F p 
Subject 0.754 15 0.050     
Condition 1.893 2 0.947 36.967 0.000 
Error 0.768 30 0.026 
  Total 6.202 47 3.809 
  
      
CONDITION 
A B C 
  .52172 .09439 .10676 
  A       
 
 
B 0.000     
  C 0.000 0.974   
   
Gen. Pop. Load Cells 3 OUT, Unweighted Means
Vertical bars denote 0.95 confidence intervals
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12.4 SUMMARY STATISTICS OF CONDITION A, B & C  
 
Table 10:  Summary statistics for MVC & load cells during Condition 
A 
Condition A 
   
Mean SD MIN MAX 
IN 
INTERVAL 
3 
R Triceps 0.284 0.108 0.147 0.471 
L Triceps 0.135 0.068 0.001 0.262 
R Rectus Femoris 0.132 0.080 0.024 0.251 
L Rectus Femoris 0.492 0.189 0.187 0.888 
INTERVAL 
4 
R Triceps 0.526 0.196 0.148 0.813 
L Triceps 0.499 0.210 0.001 0.770 
R Rectus Femoris 0.274 0.252 0.047 0.909 
L Rectus Femoris 0.218 0.200 0.019 0.569 
OU
T 
INTERVAL 
3 
R Triceps 0.581 0.199 0.124 0.928 
L Triceps 0.537 0.247 0.049 0.987 
R Rectus Femoris 0.217 0.137 0.034 0.586 
L Rectus Femoris 0.198 0.095 0.066 0.356 
INTERVAL 
4 
R Triceps 0.599 0.187 0.253 0.869 
L Triceps 0.599 0.248 0.001 0.914 
R Rectus Femoris 0.188 0.162 -0.055 0.534 
L Rectus Femoris 0.168 0.196 -0.002 0.843 
       
       
IN 
INTERVAL 3 
load cell 
0.537 0.183 0.20 0.75 
INTERVAL 4 0.663 0.271 0.16 0.93 
OUT 
INTERVAL 3 0.882 0.104 0.65 0.98 
INTERVAL 4 0.522 0.304 0.02 0.96 
Table 10: Summary statistics for MVC & load cells during Condition 
B 
Condition B 
   
Mean SD MIN MAX 
IN 
INTERVAL 
3 
R Triceps 0.294 0.135 0.099 0.625 
L Triceps 0.194 0.124 0.000 0.422 
R Rectus Femoris 0.117 0.075 0.000 0.289 
L Rectus Femoris 0.138 0.105 0.015 0.426 
INTERVAL 
4 
R Triceps 0.196 0.094 0.014 0.323 
L Triceps 0.331 0.156 0.001 0.556 
R Rectus Femoris 0.144 0.155 0.014 0.597 
L Rectus Femoris 0.218 0.110 0.078 0.365 
OUT 
INTERVAL 
3 
R Triceps 0.280 0.128 0.111 0.645 
L Triceps 0.212 0.127 0.001 0.514 
R Rectus Femoris 0.095 0.055 0.017 0.239 
L Rectus Femoris 0.082 0.054 0.024 0.204 
INTERVAL 
4 
R Triceps 0.193 0.114 0.024 0.349 
L Triceps 0.189 0.099 0.000 0.379 
R Rectus Femoris 0.123 0.071 -0.014 0.248 
L Rectus Femoris 0.241 0.138 0.061 0.555 
       
       
IN 
INTERVAL 3 
load cell 
0.223 0.063 0.11 0.34 
INTERVAL 4 0.206 0.079 0.04 0.32 
OUT 
INTERVAL 3 0.190 0.069 0.08 0.31 
INTERVAL 4 0.094 0.071 0.01 0.29 
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Table 10:  Summary statistics for MVC & load cells during Condition C 
Condition C 
   
Mean SD MIN MAX 
IN 
INTERVAL 3 
R Triceps 0.193 0.085 0.074 0.388 
L Triceps 0.135 0.076 0.002 0.228 
R Rectus Femoris 0.094 0.068 -0.018 0.239 
L Rectus Femoris 0.200 0.129 0.035 0.593 
INTERVAL 4 
R Triceps 0.159 0.085 0.039 0.297 
L Triceps 0.344 0.148 0.001 0.657 
R Rectus Femoris 0.124 0.093 0.040 0.354 
L Rectus Femoris 0.251 0.168 0.069 0.659 
OUT 
INTERVAL 3 
R Triceps 0.205 0.120 0.095 0.480 
L Triceps 0.240 0.104 0.067 0.436 
R Rectus Femoris 0.071 0.041 -0.012 0.145 
L Rectus Femoris 0.245 0.120 0.013 0.239 
INTERVAL 4 
R Triceps 0.247 0.131 0.039 0.510 
L Triceps 0.253 0.072 0.126 0.373 
R Rectus Femoris 0.099 0.065 -0.025 0.248 
L Rectus Femoris 0.245 0.120 0.043 0.535 
       
       
IN 
INTERVAL 3 
load cell 
0.201 0.083 0.06 0.37 
INTERVAL 4 0.337 0.144 0.02 0.52 
OUT 
INTERVAL 3 0.222 0.059 0.12 0.32 
INTERVAL 4 0.107 0.063 0.01 0.21 
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Table 10:  Summary of P-values (Conditions A, B, & C) 
Direction Interval Muscle Inside step p-value 
IN 
INTERVAL 3 
R Triceps 0.0002 
L Triceps 0.0035 
R Rectus Femoris 0.0701 
L Rectus Femoris <0.0001 
INTERVAL 4 
R Triceps <0.0001 
L Triceps <0.0001 
R Rectus Femoris 0.0023 
L Rectus Femoris 0.6343 
OUT 
INTERVAL 3 
R Triceps <0.0001 
L Triceps <0.0001 
R Rectus Femoris <0.0001 
L Rectus Femoris <0.0001 
INTERVAL 4 
R Triceps <0.0001 
L Triceps <0.0001 
R Rectus Femoris 0.0089 
L Rectus Femoris 0.0803 
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12.5 NON-PARAMETRIC ANALYSIS OF SUBJECTIVE RATING 
EASE (ENTERING) 
 Friedman ANOVA 
    
 
Average Rank Sum of Ranks Mean P value 
 A 1.38 22 3.56 0.00079
 B 2.63 42 5.50 
  C 2.00 32 4.69 
  
      Descriptive Statistics
    
 
Mean Median Std. Dev. Min Max 
A 3.56 4.0 1.459 1 5 
B 5.50 6.0 1.265 3 7 
C 4.69 4.5 1.493 3 7 
 
 
 
 
 
 
 
 
 
 
 
LIKING (ENTERING) 
 Friedman ANOVA 
    
 
Average Rank Sum of Ranks Mean P value 
 A 1.531 24.5 3.750 0.00687
 B 2.531 40.5 4.938 
  C 1.938 31.0 4.313 
  
      Descriptive Statistics
    
 
Mean Median Std. Dev. Min Max 
A 3.750 4.0 1.390 1 7 
B 4.938 5.0 0.929 3 7 
C 4.313 4.0 1.580 1 7 
4.0 
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Median Rank for Like of Entering Bucket 
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EASE (EXITING) 
 Friedman ANOVA 
    
 
Average Rank Sum of Ranks Mean P value 
 A 1.13 18.0 2.63 0.00002
 B 2.59 41.5 5.31 
  C 2.28 36.5 4.69 
  
      Descriptive Statistics 
   
 
Mean Median Std. Dev. Min Max 
A 2.625 2.5 1.204 1.0 5.0 
B 5.313 5.5 1.014 3.0 7.0 
C 4.688 5.0 1.250 3.0 7.0 
 
 
 
LIKING (EXITING) 
 Friedman ANOVA 
    
 
Average Rank Sum of Ranks Mean P value 
 A 1.25 20.0 3.06 0.00018
 B 2.53 40.5 5.00 
  C 2.22 35.5 4.50 
  
      Descriptive Statistics 
   
 
Mean Median Std. Dev. Min Max 
A 3.063 3.0 1.482 1 7 
B 5.000 5.0 0.966 4 7 
C 4.500 5.0 1.033 3 7 
- denotes no statistical difference between conditions 
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13 APPENDIX F: COMPLETE ANOVA FOR HANDLE AND EXTERNAL STEP ANALYSIS (CONDITIONS B, E, F & G) 
13.1 PECTORALIS 
    LEFT PECTORALIS       RIGHT PECTORALIS 
 
 
 
 
 
 
 
3 IN SS DF MS F p 
SUBJECT 0.109 15 0.007     
STEPS 0.028 1 0.028 13.623 0.002 
HANDLES 0.000 1 0.000 0.128 0.726 
STEPS*HANDLES 0.001 1 0.001 2.298 0.150 
ERROR 0.061 45 2.739 
  TOTAL 0.757 63 47.698 
   
3 IN SS DF MS F p 
SUBJECT 0.662 15 0.044     
STEPS 0.005 1 0.005 3.226 0.093 
HANDLES 0.001 1 0.001 0.198 0.663 
STEPS*HANDLES 0.009 1 0.009 1.230 0.285 
ERROR 0.176 45 7.919 
  TOTAL 2.440 63 153.697 
  
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
1 2
STEPS
0%
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%
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C
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
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LEFT PECTORALIS       RIGHT PECTORALIS 
 
 
 
 
 
 
 
 
 
4 IN SS DF MS F p 
SUBJECT 0.400 15 0.027     
STEPS 0.000 1 0.000 0.047 0.831 
HANDLES 0.000 1 0.000 0.003 0.957 
STEPS*HANDLES 0.000 1 0.000 0.298 0.593 
ERROR 0.072 45 3.226 
  CORRECTED TOTAL 0.945 63 60.473 
  
4 IN SS DF MS F p 
SUBJECT 0.154 15 0.010     
STEPS 0.002 1 0.002 1.754 0.205 
HANDLES 0.076 1 0.076 13.979 0.002 
STEPS*HANDLES 0.001 1 0.001 0.736 0.404 
ERROR 0.122 45 5.482 
  CORRECTED TOTAL 0.689 63 44.103 
  
HANDLE 
0 1 
.10669 .03783 
0   0.002 
1 0.002   
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
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 Handle
1 2
STEPS
0%
10%
20%
30%
40%
50%
%
 M
V
C
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
1 2
STEPS
0%
10%
20%
30%
40%
50%
%
 M
V
C
112 
 
 
    LEFT PECTORALIS       RIGHT PECTORALIS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 OUT SS DF MS F p 
SUBJECT 0.148 15 0.010     
STEPS 0.001 1 0.001 2.100 0.168 
HANDLES 0.005 1 0.005 2.242 0.155 
STEPS*HANDLES 0.000 1 0.000 0.104 0.752 
ERROR 0.055 45 2.483 
  CORRECTED TOTAL 0.789 63 50.465 
  
3 OUT SS DF MS F p 
SUBJECT 0.195 15 0.013     
STEPS 0.000 1 0.000 0.550 0.470 
HANDLES 0.017 1 0.017 5.937 0.028 
STEPS*HANDLES 0.001 1 0.001 0.508 0.487 
ERROR 0.079 45 3.545 
  CORRECTED TOTAL 0.876 63 56.033 
  
HANDLE 
0 1 
.11175 .07930 
0   0.028 
1 0.028   
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
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 Handle
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     LEFT PECTORALIS       RIGHT PECTORALIS 
 
 
 
 
 
 
 
 
 
4 OUT SS DF MS F p 
SUBJECT 0.065 15 0.004     
STEPS 0.001 1 0.001 1.561 0.231 
HANDLES 0.010 1 0.010 3.206 0.094 
STEPS*HANDLES 0.000 1 0.000 0.044 0.836 
ERROR 0.056 45 2.508 
  CORRECTED TOTAL 0.335 63 21.468 
  
4 OUT SS DF MS F p 
SUBJECT 0.134 15 0.009     
STEPS 0.001 1 0.001 0.956 0.344 
HANDLES 0.001 1 0.001 0.648 0.433 
STEPS*HANDLES 0.001 1 0.001 1.972 0.181 
ERROR 0.041 45 1.825 
  
CORRECTED TOTAL 0.348 63 22.291 
  
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
1 2
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13.2 TRICEPS 
      LEFT TRICEPS       RIGHT TRICEPS 
 
 
 
 
 
 
 
 
 
 
 
 
3 IN SS DF MS F p 
SUBJECT 0.509 15 0.034     
STEPS 0.121 1 0.121 18.355 0.001 
HANDLES 0.003 1 0.003 0.674 0.425 
STEPS*HANDLES 0.000 1 0.000 0.066 0.800 
ERROR 0.261 45 11.742 
  CORRECTED TOTAL 4.373 63 279.875 
  
3 IN SS DF MS F p 
SUBJECT 0.873 15 0.058     
STEPS 0.003 1 0.003 0.665 0.427 
HANDLES 0.006 1 0.006 0.655 0.431 
STEPS*HANDLES 0.010 1 0.010 3.238 0.092 
ERROR 0.259 45 11.634 
  CORRECTED TOTAL 5.623 63 359.890 
  
STEPS 
1 2 
.18964 .27660 
1   0.001 
2 0.001   
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
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     LEFT TRICEPS         RIGHT TRICEPS 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
4 IN SS DF MS F p 
SUBJECT 0.700 15 0.047     
STEPS 0.002 1 0.002 0.230 0.639 
HANDLES 0.087 1 0.087 16.957 0.001 
STEPS*HANDLES 0.001 1 0.001 0.167 0.689 
ERROR 0.311 45 13.988 
  CORRECTED TOTAL 7.002 63 448.122 
  
4 IN SS DF MS F p 
SUBJECT 0.570 15 0.038     
STEPS 0.009 1 0.009 2.858 0.112 
HANDLES 0.052 1 0.052 11.669 0.004 
STEPS*HANDLES 0.002 1 0.002 0.453 0.511 
ERROR 0.197 45 8.852 
  CORRECTED 
TOTAL 3.028 
63 
193.771 
  
HANDLE 
0 1 
.34049 .26682 
0   0.001 
1 0.001   
HANDLE 
0 1 
.21383 .15674 
0   0.004 
1 0.004   
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
1 2
STEPS
0%
10%
20%
30%
40%
50%
%
 M
V
C
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
1 2
STEPS
0%
10%
20%
30%
40%
50%
%
 M
V
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      LEFT TRICEPS           RIGHT TRICEPS 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
3 OUT SS DF MS F p 
SUBJECT 0.422 15 0.028     
STEPS 0.044 1 0.044 6.953 0.019 
HANDLES 0.000 1 0.000 0.022 0.884 
STEPS*HANDLES 0.001 1 0.001 0.299 0.592 
ERROR 0.209 45 9.412 
  CORRECTED TOTAL 4.181 63 267.577 
  
3 OUT SS DF MS F p 
SUBJECT 0.882 15 0.059     
STEPS 0.012 1 0.012 2.136 0.165 
HANDLES 0.010 1 0.010 1.095 0.312 
STEPS*HANDLES 0.018 1 0.018 3.659 0.075 
ERROR 0.288 45 12.947 
  CORRECTED TOTAL 4.828 63 309.021 
  
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
1 2
STEPS
0%
10%
20%
30%
40%
50%
%
 M
V
C
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
1 2
STEPS
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%
 M
V
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            LEFT TRICEPS        RIGHT TRICEPS 
 
 
 
 
 
 
 
 
 
 
 
 
 
HANDLE 
0 1 
.19577 .12479 
0   0.0003 
1 0.0003   
 
4 OUT SS DF MS F p 
SUBJECT 0.222 15 0.015     
STEPS 0.001 1 0.001 0.231 0.637 
HANDLES 0.081 1 0.081 24.104 0.000 
STEPS*HANDLES 0.001 1 0.001 0.439 0.518 
ERROR 0.117 45 5.287 
  CORRECTED TOTAL 2.065 63 132.172 
  
4 OUT SS DF MS F p 
SUBJECT 0.443 15 0.030     
STEPS 0.001 1 0.001 0.161 0.694 
HANDLES 0.158 1 0.158 10.836 0.005 
STEPS*HANDLES 0.000 1 0.000 0.074 0.790 
ERROR 0.332 45 14.959 
  CORRECTED TOTAL 2.342 63 149.872 
  
HANDLE 
0 1 
.19797 .09855 
0   0.005 
1 0.005   
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
1 2
STEPS
0%
10%
20%
30%
40%
50%
%
 M
V
C
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
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%
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13.3 RECTUS FEMORIS 
    LEFT RECTUS FEMORIS      RIGHT RECTUS FEMORIS 
 
    Right Quad 
 
 
 
 
 
 
 
 
 
 
STEPS 
1 2 
.11179 .24874 
1   0.0002 
2 0.0002   
3 IN SS DF MS F p 
SUBJECT 0.377 15 0.025     
STEPS 0.004 1 0.004 3.249 0.092 
HANDLES 0.005 1 0.005 2.098 0.168 
STEPS*HANDLES 0.016 1 0.016 4.476 0.052 
ERROR 0.107 45 4.805 
  CORRECTED TOTAL 1.467 63 93.895 
  
3 IN SS DF MS F p 
SUBJECT 0.555 15 0.037     
STEPS 0.300 1 0.300 70.446 0.000 
HANDLES 0.000 1 0.000 0.151 0.703 
STEPS*HANDLES 0.004 1 0.004 0.746 0.401 
ERROR 0.197 45 8.857 
  CORRECTED TOTAL 3.137 63 200.746 
  
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
1 2
STEPS
0%
10%
20%
30%
40%
50%
%
 M
V
C
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
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     LEFT RECTUS FEMORIS       RIGHT RECTUS FEMORIS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4 IN SS DF MS F p 
SUBJECT 0.716 15 0.048     
STEPS 0.008 1 0.008 2.905 0.109 
HANDLES 0.010 1 0.010 5.174 0.038 
STEPS*HANDLES 0.004 1 0.004 0.642 0.436 
ERROR 0.170 45 7.636 
  CORRECTED TOTAL 3.766 63 241.002 
  
4 IN SS DF MS F p 
SUBJECT 0.883 15 0.059     
STEPS 0.000 1 0.000 0.154 0.700 
HANDLES 0.000 1 0.000 0.326 0.576 
STEPS*HANDLES 0.012 1 0.012 1.079 0.315 
ERROR 0.231 45 10.394 
  CORRECTED TOTAL 2.301 63 147.247 
  
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
1 2
STEPS
0%
10%
20%
30%
40%
50%
%
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C
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handles
 Handles
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   LEFT RECTUS FEMORIS       RIGHT RECTUS FEMORIS 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
3 OUT SS DF MS F p 
SUBJECT 0.142 15 0.009     
STEPS 0.016 1 0.016 14.145 0.002 
HANDLES 0.000 1 0.000 0.056 0.815 
STEPS*HANDLES 0.005 1 0.005 2.117 0.166 
ERROR 0.066 45 2.951 
  CORRECTED TOTAL 0.721 63 46.119 
  
3 OUT SS DF MS F p 
SUBJECT 0.204 15 0.014     
STEPS 0.097 1 0.097 18.404 0.001 
HANDLES 0.001 1 0.001 1.027 0.327 
STEPS*HANDLES 0.000 1 0.000 0.025 0.876 
ERROR 0.125 45 5.613 
  CORRECTED TOTAL 1.496 63 95.718 
  
STEPS 
1 2 
.09031 .16818 
1   0.0008 
2 0.0008   
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
1 2
STEPS
0%
10%
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40%
50%
%
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STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
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STEPS
0%
10%
20%
30%
40%
50%
%
 M
V
C
121 
 
 
    LEFT RECTUS FEMORIS       RIGHT RECTUS FEMORIS 
 
 
 
 
 
 
 
 
 
 
 
 
 
4 OUT SS DF MS F p 
SUBJECT 0.873 15 0.058     
STEPS 0.003 1 0.003 0.665 0.427 
HANDLES 0.006 1 0.006 0.655 0.431 
STEPS*HANDLES 0.010 1 0.010 3.238 0.092 
ERROR 0.259 45 11.634 
  CORRECTED TOTAL 5.623 63 359.890 
  
4 OUT SS DF MS F p 
SUBJECT 0.311 15 0.021     
STEPS 0.001 1 0.001 0.552 0.469 
HANDLES 0.020 1 0.020 12.418 0.003 
STEPS*HANDLES 0.002 1 0.002 0.937 0.348 
ERROR 0.064 45 2.871 
  CORRECTED TOTAL 1.625 63 104.005 
  
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
1 2
STEPS
0%
10%
20%
30%
40%
50%
%
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C
STEPS*HANDLES; Unweighted Means
Vertical bars denote 0.95 confidence intervals
 No Handle
 Handle
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%
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13.4 NON-PARAMETRIC ANALYSIS OF SUBJECTIVE RATING 
EASE (ENTERING) 
 
Friedman ANOVA 
    
 
Average Rank Sum of Ranks Mean Std. Dev. P value 
B 2.844 45.500 5.500 1.265 0.000 
E 3.156 50.500 5.875 1.088 
 F  1.313 21.000 4.313 1.138 
 G 2.688 43.000 5.250 1.238 
 
      
      Descriptive Statistics 
    
 
Mean Median Std. Dev. Min Max 
B 5.500 6.0 1.265 3 7 
E 5.875 6.0 1.088 4 7 
F 4.313 4.5 1.138 2 6 
G 5.250 5.0 1.238 3 7 
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 Median 
 25%-75% 
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LIKING (ENTERING) 
 
Friedman ANOVA 
    
 
Average Rank Sum of Ranks Mean Std. Dev. P value 
B 2.469 39.500 4.938 0.929 0.026 
E 3.031 48.500 5.563 1.413 
 F  1.844 29.500 4.313 1.250 
 G 2.656 42.500 4.875 1.544 
 
      
      Descriptive Statistics 
    
 
Mean Median Std. Dev. Min Max 
B 4.938 5.0 0.929 3 7 
E 5.563 6.0 1.413 2 7 
F 4.313 4.0 1.250 2 7 
G 4.875 5.0 1.544 2 7 
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EASE (EXITING) 
 Friedman ANOVA 
    
 
Average Rank Sum of Ranks Mean Std. Dev. P value 
B 2.688 43.000 5.313 1.014 0.001 
E 3.250 52.000 5.813 1.328 
 F  1.594 25.500 4.188 1.167 
 G 2.469 39.500 5.063 1.340 
 
      
      Descriptive Statistics 
    
 
Mean Median Std. Dev. Min Max 
B 5.313 5.5 1.014 3 7 
E 5.813 6.0 1.328 3 7 
F 4.188 4.0 1.167 3 7 
G 5.063 5.0 1.340 3 7 
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LIKING (EXITING) 
 Friedman ANOVA 
    
 
Average Rank Sum of Ranks Mean Std. Dev. P value 
B 2.875 46.000 5.000 0.966 0.010 
E 3.031 48.500 5.375 1.586 
 F  1.844 29.500 4.125 1.204 
 G 2.250 36.000 4.375 1.310 
 
      
      Descriptive Statistics 
    
 
Mean Median Std. Dev. Min Max 
B 5.000 5.0 0.966 4 7 
E 5.375 6.0 1.586 2 7 
F 4.125 4.0 1.204 2 7 
G 4.375 4.0 1.310 2 7 
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13.5 SUMMARY STATISTICS FOR HANDLEBAR & EXTERNAL STEPS (CONDITIONS. B, E, F & G) 
Condition B (1 step – no handle) 
   
MEAN STD. DEV. MIN MAX 
IN 
IN
TE
R
V
A
L 
3
 
R Pectoralis 0.157 0.133 0.036 0.572 
L Pectoralis 0.074 0.031 0.043 0.140 
R Triceps 0.294 0.135 0.099 0.625 
L Triceps 0.194 0.124 0.000 0.422 
R Rectus Femoris 0.117 0.075 0.000 0.289 
L Rectus Femoris 0.138 0.105 0.015 0.426 
IN
TE
R
V
A
L 
4
 
R Pectoralis 0.087 0.087 0.014 0.380 
L Pectoralis 0.116 0.116 0.034 0.529 
R Triceps 0.196 0.094 0.014 0.323 
L Triceps 0.331 0.156 0.001 0.556 
R Rectus Femoris 0.144 0.155 0.014 0.597 
L Rectus Femoris 0.218 0.110 0.078 0.365 
OUT 
IN
TE
R
V
A
L 
3
 
R Pectoralis 0.113 0.064 0.029 0.249 
L Pectoralis 0.098 0.067 0.019 0.323 
R Triceps 0.280 0.128 0.111 0.645 
L Triceps 0.212 0.127 0.001 0.514 
R Rectus Femoris 0.095 0.055 0.017 0.239 
L Rectus Femoris 0.082 0.054 0.024 0.204 
IN
TE
R
V
A
L 
4
 
R Pectoralis 0.063 0.077 0.015 0.325 
L Pectoralis 0.065 0.059 0.008 0.268 
R Triceps 0.193 0.114 0.024 0.384 
L Triceps 0.189 0.099 0.000 0.379 
R Rectus Femoris 0.123 0.071 -0.014 0.248 
L Rectus Femoris 0.241 0.138 0.061 0.555 
 
Condition E (1 step – with handle) 
   
MEAN STD. DEV. MIN MAX 
IN 
IN
TE
R
V
A
L 
3
 
R Pectoralis 0.140 0.095 0.035 0.365 
L Pectoralis 0.070 0.046 0.012 0.172 
R Triceps 0.249 0.152 0.106 0.750 
L Triceps 0.185 0.105 0.000 0.345 
R Rectus Femoris 0.106 0.079 -0.008 0.334 
L Rectus Femoris 0.090 0.067 0.024 0.283 
IN
TE
R
V
A
L 
4
 
R Pectoralis 0.084 0.090 0.019 0.368 
L Pectoralis 0.039 0.020 0.010 0.082 
R Triceps 0.151 0.111 0.006 0.451 
L Triceps 0.264 0.137 0.000 0.529 
R Rectus Femoris 0.122 0.100 0.011 0.385 
L Rectus Femoris 0.227 0.132 0.080 0.492 
OUT 
IN
TE
R
V
A
L 
3
 
R Pectoralis 0.073 0.063 0.012 0.248 
L Pectoralis 0.083 0.044 0.027 0.163 
R Triceps 0.222 0.169 0.056 0.790 
L Triceps 0.203 0.092 0.000 0.374 
R Rectus Femoris 0.086 0.057 -0.011 0.221 
L Rectus Femoris 0.063 0.047 0.011 0.187 
IN
TE
R
V
A
L 
4
 
R Pectoralis 0.049 0.052 0.009 0.222 
L Pectoralis 0.042 0.026 0.010 0.089 
R Triceps 0.097 0.104 -0.002 0.376 
L Triceps 0.125 0.068 0.000 0.292 
R Rectus Femoris 0.148 0.085 0.026 0.312 
L Rectus Femoris 0.279 0.168 0.071 0.643 
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Condition F (2 steps – no handle) 
   
MEAN STD. DEV. MIN MAX 
IN 
IN
TE
R
V
A
L 
3
 
R Pectoralis 0.152 0.112 0.039 0.464 
L Pectoralis 0.109 0.055 0.029 0.212 
R Triceps 0.255 0.145 0.120 0.621 
L Triceps 0.286 0.107 0.082 0.473 
R Rectus Femoris 0.238 0.114 0.066 0.540 
L Rectus Femoris 0.124 0.082 0.022 0.271 
IN
TE
R
V
A
L 
4
 
R Pectoralis 0.084 0.068 0.008 0.270 
L Pectoralis 0.097 0.063 0.017 0.260 
R Triceps 0.232 0.142 0.006 0.590 
L Triceps 0.350 0.122 0.105 0.563 
R Rectus Femoris 0.122 0.094 0.007 0.350 
L Rectus Femoris 0.179 0.118 0.046 0.498 
OUT 
IN
TE
R
V
A
L 
3
 
R Pectoralis 0.110 0.058 0.017 0.236 
L Pectoralis 0.110 0.063 0.049 0.284 
R Triceps 0.220 0.116 0.071 0.464 
L Triceps 0.258 0.097 0.088 0.439 
R Rectus Femoris 0.171 0.098 0.053 0.490 
L Rectus Femoris 0.096 0.059 0.024 0.227 
IN
TE
R
V
A
L 
4
 
R Pectoralis 0.048 0.041 0.014 0.184 
L Pectoralis 0.072 0.052 0.019 0.220 
R Triceps 0.203 0.116 0.019 0.401 
L Triceps 0.202 0.070 0.106 0.378 
R Rectus Femoris 0.119 0.076 -0.011 0.239 
L Rectus Femoris 0.246 0.132 0.071 0.588 
 
Condition G (2 steps – with handle) 
   
MEAN STD. DEV. MIN MAX 
IN 
IN
TE
R
V
A
L 
3
 
R Pectoralis 0.181 0.129 0.047 0.483 
L Pectoralis 0.120 0.072 0.032 0.275 
R Triceps 0.260 0.116 0.099 0.597 
L Triceps 0.267 0.116 0.056 0.540 
R Rectus Femoris 0.260 0.159 0.092 0.652 
L Rectus Femoris 0.138 0.100 0.021 0.347 
IN
TE
R
V
A
L 
4
 
R Pectoralis 0.089 0.106 0.020 0.403 
L Pectoralis 0.037 0.023 0.011 0.092 
R Triceps 0.162 0.100 0.012 0.366 
L Triceps 0.269 0.098 0.101 0.488 
R Rectus Femoris 0.154 0.177 -0.008 0.754 
L Rectus Femoris 0.221 0.125 0.076 0.477 
OUT 
IN
TE
R
V
A
L 
3
 
R Pectoralis 0.085 0.082 0.011 0.375 
L Pectoralis 0.090 0.057 0.033 0.206 
R Triceps 0.229 0.141 0.075 0.585 
L Triceps 0.262 0.090 0.094 0.429 
R Rectus Femoris 0.165 0.078 0.041 0.373 
L Rectus Femoris 0.111 0.073 0.020 0.271 
IN
TE
R
V
A
L 
4
 
R Pectoralis 0.047 0.036 0.013 0.121 
L Pectoralis 0.047 0.035 0.010 0.130 
R Triceps 0.100 0.119 0.003 0.423 
L Triceps 0.125 0.058 0.049 0.283 
R Rectus Femoris 0.164 0.083 0.016 0.276 
L Rectus Femoris 0.243 0.139 0.075 0.576 
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1 step - (with & w/out handle) 
   
MEAN STD. DEV. 
IN 
INTERVAL 3 
R Pectoralis 0.149 0.105 
L Pectoralis 0.072 0.034 
R Triceps 0.271 0.131 
L Triceps 0.190 0.097 
R Rectus Femoris 0.112 0.073 
L Rectus Femoris 0.114 0.075 
INTERVAL 4 
R Pectoralis 0.085 0.085 
L Pectoralis 0.078 0.062 
R Triceps 0.173 0.093 
L Triceps 0.298 0.134 
R Rectus Femoris 0.133 0.118 
L Rectus Femoris 0.223 0.112 
OUT 
INTERVAL 3 
R Pectoralis 0.093 0.061 
L Pectoralis 0.090 0.049 
R Triceps 0.251 0.135 
L Triceps 0.208 0.101 
R Rectus Femoris 0.090 0.049 
L Rectus Femoris 0.072 0.045 
INTERVAL 4 
R Pectoralis 0.056 0.062 
L Pectoralis 0.054 0.034 
R Triceps 0.145 0.081 
L Triceps 0.157 0.076 
R Rectus Femoris 0.136 0.073 
L Rectus Femoris 0.260 0.149 
 
2 step - (with & w/out handle) 
   
MEAN STD. DEV. 
IN 
INTERVAL 3 
R Pectoralis 0.166 0.109 
L Pectoralis 0.114 0.059 
R Triceps 0.258 0.119 
L Triceps 0.277 0.105 
R Rectus Femoris 0.249 0.124 
L Rectus Femoris 0.131 0.088 
INTERVAL 4 
R Pectoralis 0.087 0.081 
L Pectoralis 0.067 0.042 
R Triceps 0.197 0.109 
L Triceps 0.310 0.103 
R Rectus Femoris 0.138 0.130 
L Rectus Femoris 0.200 0.112 
OUT 
INTERVAL 3 
R Pectoralis 0.098 0.056 
L Pectoralis 0.100 0.053 
R Triceps 0.224 0.118 
L Triceps 0.260 0.084 
R Rectus Femoris 0.168 0.084 
L Rectus Femoris 0.103 0.057 
INTERVAL 4 
R Pectoralis 0.048 0.035 
L Pectoralis 0.059 0.035 
R Triceps 0.152 0.103 
L Triceps 0.164 0.056 
R Rectus Femoris 0.142 0.074 
L Rectus Femoris 0.245 0.132 
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No handle - (1 & 2 steps) 
   
MEAN STD. DEV. 
IN 
INTERVAL 3 
R Pectoralis 0.154 0.113 
L Pectoralis 0.092 0.037 
R Triceps 0.274 0.134 
L Triceps 0.240 0.103 
R Rectus Femoris 0.178 0.090 
L Rectus Femoris 0.131 0.088 
INTERVAL 4 
R Pectoralis 0.086 0.076 
L Pectoralis 0.107 0.086 
R Triceps 0.214 0.111 
L Triceps 0.340 0.126 
R Rectus Femoris 0.133 0.119 
L Rectus Femoris 0.199 0.104 
OUT 
INTERVAL 3 
R Pectoralis 0.112 0.056 
L Pectoralis 0.104 0.062 
R Triceps 0.250 0.111 
L Triceps 0.235 0.101 
R Rectus Femoris 0.133 0.061 
L Rectus Femoris 0.089 0.050 
INTERVAL 4 
R Pectoralis 0.055 0.058 
L Pectoralis 0.069 0.053 
R Triceps 0.198 0.102 
L Triceps 0.196 0.076 
R Rectus Femoris 0.121 0.070 
L Rectus Femoris 0.244 0.131 
 
 
 
 
Handle - (1 & 2 steps) 
   
MEAN STD. DEV. 
IN 
INTERVAL 3 
R Pectoralis 0.161 0.105 
L Pectoralis 0.095 0.055 
R Triceps 0.254 0.126 
L Triceps 0.226 0.094 
R Rectus Femoris 0.183 0.109 
L Rectus Femoris 0.114 0.077 
INTERVAL 4 
R Pectoralis 0.086 0.096 
L Pectoralis 0.038 0.020 
R Triceps 0.157 0.094 
L Triceps 0.267 0.100 
R Rectus Femoris 0.138 0.127 
L Rectus Femoris 0.224 0.118 
OUT 
INTERVAL 3 
R Pectoralis 0.079 0.069 
L Pectoralis 0.086 0.047 
R Triceps 0.226 0.146 
L Triceps 0.233 0.081 
R Rectus Femoris 0.126 0.059 
L Rectus Femoris 0.087 0.053 
INTERVAL 4 
R Pectoralis 0.048 0.041 
L Pectoralis 0.044 0.029 
R Triceps 0.099 0.108 
L Triceps 0.125 0.057 
R Rectus Femoris 0.156 0.079 
L Rectus Femoris 0.261 0.147 
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Summary of P-Values (B, E, F & G) 
   
P-Values 
Direction Interval Muscle STEPS HANDLE STEPS*HANDLE 
IN 
INTERVAL 3 
R Pectoralis  0.004 0.013 0.342 
L Pectoralis 0.002 0.726 0.150 
R Triceps 0.427 0.431 0.092 
L Triceps 0.001 0.425 0.800 
R Rectus Femoris <0.0001 0.703 0.401 
L Rectus Femoris 0.092 0.168 0.052 
INTERVAL 4 
R Pectoralis  0.292 0.315 0.128 
L Pectoralis 0.205 0.002 0.404 
R Triceps 0.112 0.004 0.511 
L Triceps 0.639 0.001 0.689 
R Rectus Femoris 0.700 0.576 0.315 
L Rectus Femoris 0.109 0.038 0.436 
OUT 
INTERVAL 3 
R Pectoralis  0.105 0.023 0.997 
L Pectoralis 0.168 0.155 0.752 
R Triceps 0.165 0.312 0.075 
L Triceps 0.019 0.884 0.592 
R Rectus Femoris 0.001 0.327 0.876 
L Rectus Femoris 0.002 0.815 0.166 
INTERVAL 4 
R Pectoralis  0.216 0.223 0.042 
L Pectoralis 0.231 0.094 0.836 
R Triceps 0.694 0.005 0.790 
L Triceps 0.637 <0.0001 0.518 
R Rectus Femoris 0.469 0.003 0.348 
L Rectus Femoris 0.427 0.431 0.092 
 
 
 
 
 
 
 
